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SEVERAL SPECIES OF PYTHIUM PECULIAR IN 
THEIR SEXUAL DEVELOPMENT 


CHARLES DRECHSLER? 


(Accepted for publication May 28, 1946) 


Of the 15 fungi which in 1930 I briefly described (17) as new species of 
Pythium 12 have since been set forth more fully through illustrations and 
supplementary discussion (20, 21, 22, 23, 25). Similar discussion, together 
with figures at magnifications (= 500; x 1000) for the most part uniform with 
those of previous papers, is herein supplied for 2 of the remaining species, 
P. oligandrum and P. salpingophorum. As certain of the features character- 
istic of these forms can perhaps be better understood if opportunity is af- 
forded for ready comparison with congeneric species, attention is devoted 
herein also to the morphology and development of P. vexans de Bary and of 
P. undulatum Petersen sensu Dissmann, Oceasion is taken besides to 
amplify the earlier accounts of my P. anandrum and my P. periplocum, 
especially with respect to antagonistic relationships and oospore germination. 


MORPHOLOGY AND DEVELOPMENT OF PYTHIUM OLIGANDRUM 


Pythium oligandrum has been found in a wide variety of phanerogamic 
host plants over an extensive range of latitude in the eastern half of the 
United States. Its diagnosis was drawn from a culture derived from a 
diseased pea (Pisum sativum L.) root mainly because in my earlier experi- 
ence | encountered the species in impressive quantity among numerous cul- 
tures isolated from underground parts of canning peas affected with root rot. 
Thus, it was recognized in more than 20 cultures prepared from separate 
individual plants collected in the course of a pea-root-rot survey made during 
the unusually cold wet spring of 1924 in Maryland, Delaware, and New 
Jersey (14). It was found present also in more than a dozen cultures iso- 
lated somewhat later in the same season from softened pea roots sent to me 
by workers in Pennsylvania, New York, and Connecticut; and subsequently 
was identified likewise in 4 cultures among a more numerous collection 
contributed by F. R. Jones as being representative of the fungi found in a 
pea-root-rot survey carried out that year in Wisconsin (30). That the 
species is not restricted to peas soon became evident from its frequent ap- 
pearance among a large assortment of Pythium eultures obtained in 1924 
from blackened rootlets of sweet-potato (Ipomoea batatas (L.) Lam.) slips 
taken by L. L. Harter (27) from large roots planted in hotbeds near Rosslyn, 
Va. Isolation of the fungus from several assortments of decaying bean 
(Phaseolus vulgaris Li.) roots collected near Pompano, Fla., in Mareh and 
April, 1926, gave testimony to its existence in the South. During the ex- 
ceptionally wet period beginning in the middle of August, 1926, it was iso- 


1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
U. 8. Dept. of Agriculture, Plant Industry Station, Beltsville, Md. 
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lated repeatedly from tomato ( Lycopersicon esculentum Mill.) roots collected 
near Rosslyn, Va., as well as from roots of the giant ragweed (Ambrosia 
trifida L.) and of the pale touch-me-not (Jmpatiens pallida Nutt.) gathered 
in Washington, D. C. It made its appearance with considerable frequeney 
among the fungi found developing in maizemeal-agar plates planted with 
discolored sugar-beet (Beta vulgaris L.) roots collected in fields near East 
Lansing, Mich., and near Saginaw, Mich., late in June, 1927. In 1928 it 
was recognized in cultures isolated from discolored sweet-pea (Lathyrus 
odoratus L.) rootlets originating from Long Island, N. Y.; and also in a 
culture derived from a candytuft (Lberis sp.) root from Maine, Before its 
description in 1930 the fungus had been received from Florida a second 
time; the second accession coming in cultures isolated from diseased tomato 
seedlings. In 1939 its occurrence in another southern State was made evi- 
dent through receipt of a culture which according to a letter from <A. A. 
Dunlap had been isolated from a diseased wheat (Triticum acstivum L.) 
root gathered in the Panhandlé region of Texas. 

Very often, as has been set forth earlier (24), Pythium oligandrum is 
encountered in root rot and damping-off in association with congeneric spe- 
cies familiar as causal agents of these diseases; the frequency of such associ- 
ation and the behavior of the fungus in dual culture with congenerie forms 
giving reason to believe that the species occurs in diseased roots less as a 
primary parasite of the various host plants affected than as a secondary 
invader subsisting partly on mycelia of primary invaders and partly on 
host tissues freshly killed by these mycelia. Nevertheless the species now 
and then occurs under circumstances indicating that it may not be wholly 
lacking in pathogenicity to higher plants. Thus, a number of bean pods 
found affected with watery decay in a garden near Delaplane, Va., late in 
August, 1926, after 2 weeks of rainy weather, promptly vielded P. oll- 
gandrum unaccompanied by any other fungus likely to have caused the 
decay. Again, among 64 Pythium cultures derived from separate cucumber 
(Cucumis sativus L.) fruits found affected with watery rot in a wet field near 
Beltsville, Md., in August, 1938, one culture clearly belonged to P. oli- 
gandrum; 3 of the others being identified as P. ultimum Trow, and the 
remaining 60 as P. Butleri Subr. The discovery of P. oligandrum, unae- 
companied by any other likely pathogenic organism, in a cucumber fruit was 
contrary to expectations as the fungus has never been isolated from water- 
melon (Cifrullus vulgaris Schrad.) fruits affected with blossom-end rot. 
though watermelon fruits are spontaneously attacked in the field by the 
closely related P. acanthicum and P. periplocum, which usually fail to de- 
velop in green cucumbers when inoculated by incision, When the cucumber 
strain of P. oligandrum was inoculated by incision into watermelon fruits 
left attached on the vine, it caused a progressive brownish deeay (Fig. 1, 
A, B) very similar to the natural blossom-end rot due to P. acanthicum. On 
inoculation into healthy green cucumbers it caused watery decay (Fig. 1, C 
in most though not in all instances. Several other cultures of P. oligandrum 
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when inoculated into watermelons gave results (Fig. 1, D) very similar to 
those obtained with the cucumber strain. However, their inoculation into 
eucumbers brought about infection less frequently, and their rate of advance 
in the invasion of infected specimens was appreciably slower (Fig. 1, E). 
Failure of the species to attack watermelon fruits spontaneously in the field 
a 





would seem attributable mainly to the slow germination of its oospores 
character plainly adverse to ready establishment of a foothold in the tissues 
of the flower scar (20, p. 383). The cucumber strain apparently has greater 
capacity for infecting cucumber fruits than most cultures referable to the 
species. Because of its relatively unambiguous pathogenicity this strain 
has been used in preparing some of the accompanying figures; the other 
illustrations of the species being made mainly from 2 strains isolated from 
separate specimens of diseased pea roots collected in June, 1924, near Ham- 
burg, N. Y., and near Mount Morris, N. Y., respectively. 

When a random assortment of separately isolated cultures belonging to 
Pythium oligandrum are grown under similar conditions side by side the 
differences that come to light with respect to such macroscopic features as 
rapidity of mycelial extension, luster, and cumulous variegation, are ordi- 
narily more pronounced than the differences evident in a comparable as- 
sortment of cultures belonging to P. acanthicum. On maizemeal agar the 
submerged mycelium of P. oligandrum, unlike that of P. acanthicum, is 
from the start clearly visible to the naked eye. If the agar contains some 
finely divided maizemeal in suspension, an arachnoid aerial mycelium will 
usually develop during the first 2 days; and after 4 or 5 or 6 days the 
medium often turns yellowish and in places may take on a somewhat crustose 
appearance owing to the maturation of oospores in enormous numbers. 
Under microscopical examination the mycelium gives the general impression 
of being much more delicate than the mycelium, for example, of P. u/timum 
or of P. debaryanum Hesse. The greater delicateness here is attributable, as 
in P. acanthicum and P. periplocum, to extensive development of the finer 
ramifications, since the main axial filaments are not markedly narrower than 
in the coarse-looking damping-off species. The operation of the delicate 
branches in effecting parasitic attack on congeneric forms has been set forth 
earlier (24, 25). 

Asexual reproduction may be conveniently brought about by cutting out 
sizable slabs from a thinly poured Lima-bean-agar plate culture permeated 
with young mycelium of the fungus, and transferring them to a shallow 
laver of sterile water in a sterilized Petri dish.2 At temperatures between 
15° and 18° C. the irrigated tracts of mycelium give rise here and there to 
subspherical enlargements filled with densely granular protoplasm. These 
enlargements occur in varied relationship to the parent hyphae. Several 
of them may sometimes be found clustered near the tip of a short branch 


2 In order that the water may spread out thinly and not collect in thick unmanageable 
pools, the floor of any Petri dish intended to be used for zoosporangial development or 
for oospore germination should be freed of all greasy film by scouring it thoroughly with 
an abrasive cleanser. 
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Fic. 1. Cueurbitaceous fruits attacked by Pythium oligandrum. A. Watermelon 


fruit 5 days after inoculation with the culture isolated from a Beltsville (Md.) cucumber; 
B. Watermelon fruit 9 days after inoculation with Beltsville cucumber strain; 
F C. Cucumber fruit 5 days after inoculation with Beltsville cucumber strain; x 4. 


D. Watermelon fruit 9 days after inoculation with Hamburg (N. Y.) pea-root-rot strain; 
5 E, Cucumber fruit 9 days after inoculation with Hamburg pea-root-rot strain; x 3. 
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(Fig. 2, A), or again, may be compounded in a linear series which when 
delimited by cross-walls appears as a lobulate sporangial unit (Fig. 2, B). 
Often a sporangium may consist of a single globose enlargement together 
with an adjacent portion of hypha (Fig. 2, C, D), or of a conidium-like 
subspherical enlargement alone (Fig. 2, E, a), or of 2 or more globose en- 
largements together with connecting and adjoining hyphal parts (Fig. 2, 
E, b). Soon after it has been delimited the sporangial unit (Fig. 2, F) puts 
forth an evacuation tube (Fig. 2, F, t) which on attaining definitive length 
yields at the tip to permit migration of the protoplasmic contents into a 
terminal vesicle (Fig. 2,G) that often is only faintly discernible. When its 
migration is completed, the mass of granular material undergoes transforma- 
tion into laterally biciliate zoospores after the manner usual in the genus 
Pythium: the motile spores (Fig. 2, H) being fashioned in the course of 15 
to 25 minutes, and then escaping on disintegration of the vesicular film. 

If left undisturbed the moderately thick wall of the evacuated sporan- 
gium (Fig, 2, G-W) retains its shape for some time, as does also the mem- 
brane of the evacuation tube (Fig. 2,G-W:t). The general make-up of the 
empty sporangial unit offers parallelism especially with Pythium acanthi- 
cum. In instances where the sporangium consists of a single globose part 
together with a relatively short cylindrical portion of the parent hypha, the 
evacuation tube more often arises from the cylindrical part (Fig. 2, F, G, I, 
J, L) than from the subspherical component (Fig. 2, K, M). Similar 
preference is evident likewise where the swollen component is bilobed (Fig. 
2, H, P), or where the hyphal part is of considerable volume (Fig, 2, N), or 
where 2 globose parts are included (Fig. 2, Q-T: a, b). Occasionally 4 
(Fig. 2, U, a-d; V, a-d) or 5 (Fig. 2, W, a-e) subspherical enlargements 
are found united into sporangial units somewhat more complex than can 
ordinarily be found in P. acanthicum; the evacuation tubes of such volumi- 
nous units arising sometimes from an expanded part (Fig. 2, U, t) and 
sometimes from a hyphal component (Fig. 2, V-W: t). While the tubes 
put forth by small sporangia (Fig. 2, L, t; M, t) may measure only about 
15 » in length, those extended from the more massive sporangia may attain 
lengths of 200 or 225, (Fig. 2, P, t; T, t). The empty tubes as a rule 
terminate abruptly with little apical modification: they rarely widen out 
markedly near the tip, are usually not lipped at the mouth, and apparently 
never are reflexed. 

Sexual reproduction starts earlier and proceeds more rapidly in Pythium 
oligandrum than in most congeneric forms. In maizemeal-agar plate ecul- 
tures kept at temperatures between 25° and 30° C. oogonia often begin de- 
veloping abundantly within 30 hours after inoculation. They arise as 
globose hyphal enlargements in subterminal (Fig. 3, A) or interealary posi- 
tions (Fig. 3, B-D). Their growth is often directed toward one side with 
the result that their attachment may become more or less lateral (Fig. 3, 
E-I). During the later stages of expansion the individual oogonium puts 
forth protuberances from all portions of its surface, These protuberances 
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Fic. 2. Asexual reproduction in Pythium oligandrum; drawn to a uniform magni 
all 


th the 


ition 


the Eden (N. Y.) pea-root-rot strain; 

oping terminally on a hyphal branch. B-D; E, a, b. Sporangial units delimited by septa. 
F—H. Sporangia showing successive steps in zoospore production. I-P. Empty sporangia, 
each with a single expanded component. Q—-T. Empty sporangia, each with 2 subspher- 
ical components, a and b. U, V. Empty sporangia, each with 4 globose components, a—d. 
W. Empty sporangium with 5 globose components, a-e. X. Encysted zoospores, a-l, 
showing variations in size and shape. (t, evacuation tube.) 


~ 


fic aid of a camera lucida, from irrigated Lima-bean-agar preparations ; 
parts drawn from the Hamburg culture except K, L, M, 8, and W, which were drawn from 


A. Globose enlargement devel- 


«500 throughout. 
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Fic. 5. Sexual reproductive apparatus of Pythium oligandrum (Hamburg strain) ; 
drdwn with the aid of a camera lucida from maizemeal-agar cultures; x 1000 throughout. 
A-C. Young growing oogonia. D. Nearly full-grown oogonium supplied with a young 
antheridium. E. Nearly full-grown oogonium. fF. Full-grown oogonium shortly before 
deposition of basal septum; its contents consisting of small lumps. G-J. Parthenogenetic 
units in stage shortly before thickening of oospore wall. 
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are at first of a rounded, wartlike conformation (Fig. 3, D, E), but through 
apical elongation they soon acquire an irregularly conical, tapering shape. 
About at the time the spines are attaining their definitive length, the proto- 
plasmic contents of the oogonium change from a densely granular to a coarse 
lumpy texture (Fig. 3, F). Soon afterwards the oogonium becomes de- 
limited by deposition of 1 (Fig. 3, G, H) or 2 (Fig. 3, I, J) partitions, and 
its contents shrink away from its spiny envelope as the protoplasmic lumps 
composing them increase rather markedly in size. At this stage, wherever an 
antheridium (Fig. 4, A) or possibly 2 antheridia (Fig. 4, B) are present— 
application and development of a male complement takes place usually 
while the oogonial spines are being formed—fertilization is accomplished 
much as in the generality of related species. In any ease, whether an 
antheridium is present (Fig. 4, C) or not (Fig. 4, E), the spherical proto- 
plast soon seeretes a thick wall, a homogeneous reserve globule gradually 
collects in the center, and the large protoplasmic lumps disintegrate to 
furnish material for the finely granular parietal layer through which plural 
refringent bodies of comparatively small size become distributed. Mani- 
festly the oosphere undergoes conversion into an oospore of distinctive 
internal structure equally well by parthenogenesis (Fig, 4, F, G; Fig. 5, A, 
a, b; B-I) as after fertilization (Fig. 4, D). 

The prevalence of parthenogenesis in Pylhium oligandrum varies con- 
siderably among different strains of the species, and is, besides, subject to 
great variation from environmental causes. In the original diagnosis it was 
indicated that approximately 4 out of 5 oogonia developed parthenogeneti- 
cally—this being the proportion most usually found when the strain used as 
type (one isolated from a discolored pea rootlet gathered near Eden, N. Y., 
in June, 1924) was grown on maizemeal agar at 24° C. Under like condi- 
tions the generally very similar Hamburg pea-root-rot strain (Fig. 3, 4, 5) 
shows virtually the same proportion of parthenogenetic reproductive ap- 
paratus. In the Beltsville cucumber-rot strain antheridia are commonly pro- 
duced 2 or 3 times more abundantly (Fig. 6, A, B, C; Fie. 7, A-D), and as 
a result parthenogenesis occurs there in correspondingly lesser measure 

Fig. 6, D-K). On the other hand, in the Mount Morris pea-root-rot strain 
15 or 20 oogonia may often be found developing parthenogenetically (Fig. 
8, A, B, D-Q) to every oogonium supplied with an antheridium (Fig. 7, E; 
Fig. 8,C). A striking illustration of variability from environmental causes 
was once provided by the Mount Morris strain when occasion was taken to 
compare a maizemeal-agar plate culture grown in the laboratory at about 
27° C., with an irrigated Lima-bean-agar preparation stored in a refrigera- 
tor at 18° C. In the former scarcely one oogonium in a hundred was found 
supplied with an antheridium; whereas in the latter every oogonium was 
supplied with at least one antheridium, and many were supplied with two. 

Whether formed in some abundance (Fig. 4, A-D; Fig. 6, A—C) or in 
relatively meager number (Fig. 8, C) the antheridia are mostly borne 


terminally on branches arising from a filament having no close mycelial 
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Pig. 4. Sexual reproductive apparatus of Pythium oligandrum (Hamburg strain) ; 
drawn with the aid of a camera lucida from maizemeal-agar plate cultures; x 1000 
throughout except in B, a, and EF, b, where magnification is x 2000. A—H. Six intercalary 
(A, B, D, E, F, G) and 2 terminal (C, H) oogonia, 4 among them (E—H) parthenogenetic, 
the others fertilized by 1 (A, C) or 2 (B, D) antheridia borne on a single branch arising 
from a neighboring hypha; the oospores in A and B in early lumpy stage, with lumps 
appearing in surface view as shown in B, a; oospores in C, E, H thick-walled, with fissured 
lumps appearing in surface aspect as shown in E, b; oospores D, F, G, fully mature. 
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Fic. 5. Mature sexual reproductive apparatus of Pythium oligandrum (Hamburg 
rain) ; he aid of a camera lucida from maizemeal-agar plate cultures; 
1000 throughout. A. Two adjacent intercalary oogonia, a and b, the proximal one 
delimited by a plug on both sides. B-I. Eight oogonia varying in size and shape, 6 
among them (B, E-I) intercalary and 2 terminal (C, D) in position; G being an under- 
sized specimen beset with poorly developed protuberances and delimited by crosswalls 
both proximally and distally; the others (B-F, H, I) being delimited proximally by a 
plug which in some instances (B, D, F, H, I) is shrinking or disintegrating. J. Well- 


developed oogonial protuberances, a-e, showing irregularly tapering shape and somewhat 
blunt tip. 
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connection with the hyphal element bearing the oogonium. However, with 
some search in agar cultures rather soon after sexual reproduction has 
begun, and before too many filaments and branches have faded from view, 
instances can usually be found where the mycelial connection between 
antheridium and oogonium can be traced with certainty. The unit of sexual 
apparatus shown in figure 7, A, where the combined length of oogonial 
branch (Fig. 7, A, a), antheridial branch (Fig. 7, A, b), and intervening 
hyphal elements is approximately £95, may be taken as illustrating an 
unusually close mycelial connection; though an even closer connection, 
where the total length of the communicating elements is only about 125 i, 
is shown in figure 7, B. In most instances where a mycelial connection be- 
tween the conjugating organs can be followed successfully amid the con- 
fusion of hyphae, the aggregate length of the communicating parts varies 
from 250 to 600 LU (Fig. 7, C-B). 

As might be expected in view of their usually somewhat extensive appli- 
cation to oogonia rather closely beset with spines, the antheridia of Py/hium 
oligandrum vary considerably in size and shape. Some of the smaller 
specimens, consisting merely of a slightly crook-necked inflated terminal 
segment (Fig. 4, A), are not greatly different from the sessile monoclinous 
antheridia familiar in P. ultimum. More often, however, the delimiting 
septum is laid down some distance backward from the expanded tip, so that 
the male cell comes to include a tubular portion tapering gradually toward 
the base (Fig. 4, C, D; Fig. 6, A, B). Frequently, owing to terminal branch- 
ing or to local constriction, an antheridium may be distinet!ly lobate (Fig. 
7. A,D). Where ramification of the antheridial hypha has led to the forma- 
tion of 2 fairly massive branches, cross-walls may be laid down to delimit 
each as a separate antheridium (Fig. 4, B, D; Fig. 6, C). 

The production of terminal branch antheridia by Pythium oligandrum 
might perhaps be held to distinguish this species adequately from P. 
artotrogus, in which according to de Bary’s (3, 4) original descriptive state- 
ments fertilization was seen to be accomplished by an antheridium consisting 
always of a hyphal segment adjacent to the oogonium. However, since in 
many cultures of my fungus branch antheridia are often only sparingly 
produced, and indeed are sometimes almost wholly lacking, the absence of 
such easily recognized male cells in de Bary’s material could hardly be con- 
sidered a fully decisive distinguishing feature should P. oligandrum be 
found to produce adjacent cylindrical antheridia as well as branch anther- 
idia. Much material was examined, therefore, to determine whether in the 
species oogonia not supplied with branch antheridia develop parthenogeneti- 
cally or at times, if not always, are fertilized by an adjacent male segment. 
Fertilization of the oogonium by passage of protoplasmic materials through 
the partition delimiting it at the proximal end should be especially subject 
to observation, for as a rule this partition is not an ordinary membranous 
cross-wall but a massive plug, usually 3 to 10 u long, composed of a gelati- 
nous substance (Fig. 3, G-I; Fig. 4, A-H; Fig. 5, A, C, E; Fig. 6, A-G, I; 
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Fie, 6. Sexual reproductive apparatus of Pythium oligandrum (Beltsville cucumber 
strain); drawn from maizemeal-agar plate cultures with the aid of a camera lucida; 
x 1000 throughout. A-H. Eight well-developed oogonia, each delimited proximally by a 
plug; two (A, B) being supplied with 1 antheridium, one (C) with 2 antheridia, the others 
(D-H) lacking antheridia; in A the contents are still granular, in C the lumpy oosphere 
‘has contracted, in B and D the oospore wall is being deposited, in E—H the parthenospore 
is fully mature. I. Small intercalary oogonium with mature parthenospore showing only 
2 refringent bodies. J. Very small terminal oogonium with a small parthenospore of 
unitary internal make-up. K. Oogonium whose envelope surrounds an oospore wall that 
encloses a very small secondary oogonium wherein is contained a mature parthenospore 
of unitary organization. 
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Fig. 7, A-D; Fig. 8, A, C, E) apparently similar to the substance secreted 
where hyphae are cut or wounded. This plug remains intact not only during 
the period in which fertilization might take place, but for many days after 
the oospore is fully mature, until eventually it undergoes gradual shrinkage 
and alveolar disintegration (Fig. 5, B, F, H, 1; Fig. 6, H; Fig. 8,D). When 
2 oogonia are formed adjacent to each other (Fig, 5, A, a, b) the proximal 
one (Fig. 5, A, a) is commonly bounded by a plug on each side; and oce- 
easionally a solitary oogonium (Fig. 8, A, F) is likewise delimited by plugs 
both proximally and distally. As passage of protoplasmic material through 
a plug never has come under observation, it can hardly be doubted that 
development of intercalary oogonia bounded by plugs at both ends and of 
terminal oogonia bounded proximally by a plug (Fig. 3, G, H; Fig. 4, C, H; 
Fig. 5, C, D; Fig. 6, D) must be parthenogenetic wherever a branch 
antheridium is lacking. 

The commonplace membranous cross-walls usually delimiting inter- 
calary oogonia at the distal end—such cross-walls are found bounding at both 
ends some interealary oogonia (Fig. 5, G; Fig. 8, G@) presumably formed 
after the mycelium had become too largely exhausted for the isolated living 
remnants to retain much polarity—offer greater difficulty in determining 
presence or absence of fertilization like that ascribed to Pythium artotrogus. 
Since in that species de Bary could see the empty fertilization tube only in 
favorable instances, it may be inferred that in most units of mature sexual 
apparatus the antheridial character of an adjacent hyphal segment was 
evidenced only by an aperture in the delimiting septum. Such an aperture, 
if present in P. oligandrum, would almost certainly be obscured beyond all 
recognition in the many instances where several oogonial spines are found 
projecting out in positions directly above and below the septum, Fortu- 
nately, in my fungus the distal delimiting wall is frequently placed well 
beyond the tips of all distally projecting spines, and thus ean often be 
scrutinized to good effect. Yet in no instance has any likely aperture been 
discovered, nor has any tubular or funnel-shaped modification been seen that 
could be held to have derived from antheridial activity. Furthermore, 
oogonia with filamentous hyphal prolongations, often 25 to 50 long (Fig. 
5, D, G, 1; Fig. 8, D), were often taken under observation, especiatly during 
the contraction of the protoplast, to determine whether an antheridium 
might then be present, contributing its contents after complete dissolution 
of a temporary partition. So far no good evidence of such broad conjuga- 
tion has been uncovered. Consequently the view that adjacent antheridia 
are wholly absent in P. oligandrum, and that wherever an oogonium is not 
supplied with a branch antheridium its development takes place partheno- 
genetically—a view incorporated into the diagnosis of the species—still 
seems well justified. 





However the portion of the diagnosis setting forth the refringent body 
in the oospore as ‘‘often not clearly in evidence, when visible often sub- 
spherical 3 to 4.5 1 in diameter’’ has required emendation (26). The un- 
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Fic. 7. Sexual reproductive apparatus of Pythium oligandrum showing mycelial 


connection between oogonium and antheridium; drawn from maizemeal-agar plate cultures 
at a uniform magnification with the aid of a camera lucida; «500 throughout. A, B. 
Units of sexual apparatus of the Beltsville cucumber strain, showing unusually close 
mycelial connection of the paired organs. C, D. Units of sexual apparatus of the Belts- 

* ville cucumber strain, showing the rather remote mycelial connection more usually found; 
in C an additional antheridium is evidently being supplied by a branch, ¢c, from a neigh- 
boring hypha. E. Unit of sexual apparatus from Mount Morris (N. Y.) pea-root-rot 
strain; oogonium full grown but not yet delimited from supporting branch; showing the 
rather remote mycelial connection usually found. (a, oogonial branch; b, antheridial 
branch. 
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happy phrasing of the passage cited came from perplexity as to what con- 
stituted correct internal organization in oospores of the species; the 
refringent bodies here being not especially hard to see, but assuredly difficult 
to recognize in their true character if the observer is strongly expectant of 
the unitary organization common to most pythiaceous fungi, including the 
very intimately related Pythium acanthicum and P. periplocum. At the 
early stage in development of the oospore, when in most congeneric forms 
the single refringent body first becomes visible among the protoplasmic 
lumps surrounding it, P. oligandrum likewise often shows only one such 
body. Indeed, sometimes in rather small oospores (Fig. 4, H) only a single 
refringent body may be present in the somewhat later stage when the 
protoplasmic lumps have begun to show the minute concentric and radial 
fissuring whereby they become resolved into minute granules (Fig. 4, E, b) ; 
though in most eases 2 to 4 of these cellular components are then revealed 
(Fig. 4, E, C). As maturation proceeds the refringent bodies merease to 
their definitive number, which for oospores of usual dimensions, formed at 
temperatures between 25° and 30° C., varies commonly from 4 to 15 (Fig. 
4,.D. F. G; Fig. 5, A-I; Fig. 6, E-G; Fig. 8, D-F). In some exceptionally 
large oospores (Fig. 6, H) as many as 25, 26, or 27 refringent bodies have 
been counted, while some decidedly small specimens (Fig, 6, 1; Fig. 8, G, H) 
have shown only two. After diligent search very small oospores have even 
been found that at maturity contained only a single refringent body and thus 
displayed the unitary organization familiar in related fungi, These minute 
spores, only about 10 y in diameter, were apparently formed late from small 
isolated remnants of living mycelium (Fig. 6, J), or occasionally were pro- 
duced in a secondary sporangium within primary reproductive apparatus 
whose contents for the most part had suffered degeneration (Fig. 6, K). 
Although the multiplication of the refringent bodies entails reduction 
of their diameter to about 2 or 2.5 u, they remain rather conspicuous in the 
finely granular parietal laver of the mature spore. Once the unusual as- 
sociation of plural refringent bodies with a single reserve globule has become 
familiar as a distinctive feature of the species, Pythium oligandrum can be 
recognized solely by its resting oospores; its identification then being pos- 
sible even in old isolation cultures, heavily contaminated with bacteria, 
where all membranous vestiges of hyphae, antheridia, and spiny oogonia 
have long disappeared from view. Although old oospores of congeneric 
forms often show multiple spherical vacuoles in the parietal layer, these 
vacuoles can usually be distinguished from the plural refringent bodies of 
P. oligandrum by their larger and frequently more variable size. Larger 
size likewise pertains to the 2, 3, or 4 refringent bodies found in oospores of 


some congeneric species after their unitary structure has undergone modifi- 
cation through prolonged aging. The multiplication of refringent bodies in 
P. oligandrum cannot similarly be ascribed to after-ripening, as it is usually 
accomplished in maizemeal-agar throughout the expanse of a Petri-plate 
culture 100 mm, in diameter within 5 or 6 days after inoculation—at a time 
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when in parallel cultures P. ultomum and P. debaryanum have often not 
vet begun to produce sexual apparatus. 

Among the oogonia that in addition to a subspherical spiny part include 
a rather extensive filamentous prolongation at one end or at both ends, some 
fail to collect their contents wholly within the subspherical part; so that the 
oospores will bear a projection, often more or less cylindrical, at one or at 
both poles (Fig. 5, I). Under certain conditions of development many 
oogonia may be formed consisting of a relatively small globose part together 
with much more voluminous prolongations, which sometimes are smooth 
(Fig. 8, I, J) and sometimes are elaborately beset with spiny protuberances 

Fie. 8, K). Such rangy oogonia commonly produce an elongated oospore 
whose irregularly eylindrical shape is modified by a bulbous enlargement 

Fig. 8, 1; J, a; K, a), and frequently, in addition, give rise to a second 
eylindrical oospore having no bulbous modification (Fig. 8, J, b; K, b). 
Oceasionally hyphal segments, wholly devoid of outward differentiation, 
funetion as oogonia in giving rise endogenously to elongated eylindrical 
oospores (Fig. 8, L-Q), or in extreme instances to filamentous oospores 100 
to 300 1 long and 3 to 44: wide. The reserve material in cylindrical and 
filamentous oospores is divided among a variable number of globules which 
like the plural refringent bodies are arranged longitudinally at moderate 
intervals (Fig. 8, I-P). Obviously the organization here imposed by spatial 
necessities is not equal in descriptive merit to the multiplicate organization 
characteristic of the ordinary subspherical oospores of my Pythium helicoides 
and its close allies. Some evlindrical oospores reveal plural reserve globules 
and a single refringent body (Fig. 8, K, b; Q), thus reversing the normal 
numerical relationship of these cellular components. 

The metrical data given in the original diagnosis relative to size of 
oogonium and oospore were based on 200 measurements of the Eden pea- 
root-rot strain grown in maizemeal-agar plate cultures under the same con- 
ditions as the cultures of Pythium acanthicum and P. periplocum utilized 
for measurements previously reported (20, p. 402, 406). The 200 oogonia 
chosen at random gave values for diameter, expressed in the nearest integral 
number of microns, distributable as follows: 17 py, 2; 19 pw, 2; 20 up, 1; 21 yu, 1; 
22 u, 3; 23, 8; 24, 23; 25, 27; 26y, 31; 27 p, 36; 28y, 31; 29, 14; 
30 u, 11; 31 u, 5; 32 u,2; 33 u,2;35u,1. And the oospores, all of correct in- 
ternal organization, that were contained in these oogonia, gave values for dli- 
ameter distributed as follows: 15 , 2; 17 vp, 2; 18 yp, 1; 19 p, 2; 20 p, 8; 21 p, 
24; 22 1, 33; 23 u, 44; 24 uy, 36; 25 pp, 22 5 26 y, 15; 27 1,6; 28,3; 29 p, 1; 30 p, 
1. While the 3 closely related echinulate species are thus rather similar in 
their main dimensions, the generally smaller size of P. acanthicum is nearly 
always directly recognizable when microscopical comparison is made between 
representative cultures grown under similar conditions or between assort- 
ments of such cultures. In such comparison P. periplocum is not found con- 
sistently smaller than P. oligandrum, since its oogonia and oospores are 


virtually of the same size as those of numerous strains of the latter species, 
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Fig. 8. Sexual reproductive apparatus of Pythium oligandrum (Mount Morris pea- 
root-rot strain) drawn from maizemeal-agar plate cultures with a camera lucida; x 1000 
throughout. A,B. Intercalary parthenogenetic oogonia, each with a parthenospore in early 
stage of development. C. Interealary oogonium supplied with an antheridium. D-F. 
Intercalary oogonia of ordinary size, each with a mature parthenospore. G, H. Small 
oogonia, each with a small parthenospore that contains only 2 refringent bodies. I-Q. 
Oogonia of aberrant shapes, each with a mature parthenospore, except J and K, which 
contains 2 parthenospores, a and b. 
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including, for example, the Mount Morris strain. Nevertheless, owing to 
the larger dimensions of many other of its strains, such as the Hamburg pea- 
root-rot strain and the Beltsville cucumber-rot strain, P. oligandrum may 
rightly be considered the somewhat more robust species, Its oogonial pro- 
tuberanees (Fig. 5, J, a-e), on the whole, appear longer, more irregularly 
contoured, more pronouncedly tapered, and more numerous than those of 
P. acanthicum and P. periplocum. 

Under natural conditions oospores of the soil-inhabiting Pythiaceae 
presumably germinate for the most part in water containing no nutrient 
materials either in solution or in suspension. When bathed in sterilized 
distilled water newly matured oospores of Pythium oligandrum give no sign 
of germination. After resting for 40 or 50 days a small proportion of 
oospores will usually germinate when immersed in a shallow laver of water. 
Practically all oospores in maizemeal-agar culture become capable of germi- 
nation after aging for 150 to 200 days. Onset of germinative development 
is manifested by change of the reserve globule from a spherical to an irregu- 
lar shape. The refringent bodies gradually become less distinctly visible, 
while at the same time radial markings appear in the oospore wall, or 
rather in the somewhat darker inner layer making up about two-thirds of 
the thickness of this wall (Fig. 9, A). Soon the refringent bodies are wholly 
lost to view, and the radially striate darkish laver merges indistinguishably 
with the granular protoplasmic mass, which thereby comes to extend to the 
persistent thin clear outer layer of the oospore wall (Fig. 9, B). The 
spherical cell, now thin-walled, buds forth a protrusion that on penetrating 
the oogonial envelope continues growth outside as a germ hypha (Fig. 9, B, 
t; C, t). On abrupt vielding of the hyphal tip (Fig. 9, D, t) the proto- 
plasmie contents flow into a terminal vesicle to be fashioned into laterally 
biciliate zoospores ; the number of the spores produced varying usually from 
9 to 15. The empty evacuation tube here commonly ranges from 10 to 50 4 
in length, and from 3 to 4.5 y in greatest width (Fig. 9, E-L: t). In most 
instances it terminates abruptly without distal modification, though oe- 
casionally its mouth is minutely lipped (Fig. 9, D, t; I, t). Most frequently 
the evacuation tube is found coming out directly from the spherical envelope 
of the oogonium, yet now and then it erupts from a filamentous prolongation 

Fie. 9,L,t). Wherever germ hyphae attain lengths much in exeess of 50 4 
without functioning as evacuation tubes, and begin to ramify (Fig. 9, M), 
zoosporangial reproduction has obviously been abandoned in favor of 
mycelial growth. Instances of such abandonment are not frequent if the 
water layer is shallow and is left undisturbed ; so that in carefully managed 
preparations well after-ripened oospores will begin to liberate zoospores 
within 4 hours, and for about 6 or 8 hours longer will continue produeing 
additional motile spores to provide often a far livelier display of active 
swarmers than can be obtained by irrigation of voune mycelium. After a 


period of motility the zoospores round up (Fig. 9, N—X) much like those 


Fig. 2, X, a—l) produced from sporangia of asexual origin. Later, as a 
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Fic. 9. Germination of oospores and parthenospores of Pythium oligandrum (Ham- 
burg pea-root-rot strain) from maizemeal-agar plate cultures 6 months old; drawn with 
the aid of a camera lucida; «1000 throughout. A-—D. Oospores showing, respectively, 
(A) assimilation of thick inner layer of wall by protoplast, (B, C) extension of germ 
hypha, (D) individualization of zoospores in a vesicle formed terminally on the germ 
hypha. E-L. Empty membranous envelopes left after escape of swarmers from vesicle. 
M. Oospore germinating by production of a branching mycelial hypha. N-X. Encysted 
zoospores. Y,Z. Empty cyst envelopes after escape of a secondary zoospore from each. 
(t, evacuation tube.) 
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rule, they germinate vegetatively, though some few individuals usually 
develop iteratively, each discharging its contents through an evacuation 
tube (Fig. 9, Y, Z), 2 to 5: long and 2.51 wide, for conversion into a 
secondary laterally biciliate ZOOSpore, The behavior of the funeus in the 
laboratory suggests that in nature it produces zoospores more abundantly 
from its germinating oospores and parthenospores than from zoosporangia 
formed by its mycelium, 

Aside from the eastern United States, where my material of Pythium 
oligandrum originated, the species has been recorded from several other 
regions. Nattrass (36) in 1937 reported having isolated it 2 vears earlier 
in Cyprus from immature fruits of Prunus amygdalus Batsch. Wager (42), 
who in 1931 cited ‘*Pythium sp. ef. P. artotrogus (Mont.) de Bary”’’ as 
having been found associated with wilting of a Shirley poppy (Papaver 
rhoeas li.) and of a snapdragon (Antirrhinum majus L.) in South Africa, 
43) referred the fungus to P. oligandrum, at the same time 


subsequent] >) 


making known that it had further been isolated in South Africa from wilting 
plants of marrow (Cucurbita pepo L.) and of cabbage (Brassica oleracea 
L. var. capitata L.). For the most part the descriptive particulars given by 
Wager agree with the morphology revealed in my cultures; vet it may be 
noted that one of his drawings (48: fig. 9, a) wherein an oogonium is shown 
fertilized by an antheridium borne terminally on a branch, about 37 u long, 
arising from the oogonial stalk only about 7 uy from the female organ, pictures 
a closer mycelial connection between conjugating sex elements than has 
ever come under my observation in material of the species. The oogonial 
spines shown by Wager seem somewhat too sharply pointed at the tip, 
though they are otherwise of shape and stature usual in my cultures. Very 
sharply pointed spines are also shown in a figure of P. oligandrum recently 
published by Chesters and Hiekman (12), who in England several years 
earlier (11) isolated from diseased roots of a cultivated violet (Viola Sp.) 
some cultures held referable to the species. These authors depict an andro- 
eyvnous antheridium (12: fig. 3, D) that apparently has its origin even closer 
to the oogonium than the androgynous antheridium figured by Wager. No 
comment is made by Wager or by Chesters and Hickman concerning the 
presence of refringent bodies in the mature oospore, nor are such com- 
ponents recognizable in their illustrations. Middleton (34, p. 114, 115), who 
reported having found the species on the carrot (Daucus carota L.), the 
Christmas flower (Euphorbia pulcherrima Willd.), needlegrass (Stipa sp.), 
and wheat Triticum aestivum Li.) in the United States, described the 
oospore as containing a single reserve globule and refringent body. 
During several decades preceding its description Pythium oligandrum 
could hardly have failed being encountered from time to time by investi- 
gators dealing with root rot and damping-off of the higher plants. It may 


be presumed that the usual disposition of the fungus in this earlier period 
is correctly suggested in Butler’s report (42, p. 39) on the identity of the 
cultures isolated by Wager from snapdragon and Shirley poppy. Although 
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Butler failed to make out antheridia in these cultures and did not discover 
any evidence of hypogynal male cells such as he (10, p. 100) like de Bary 
(3, 4) before him had ascribed to P. artotrogus, and though he thought the 
cultures alien to the fungus he had figured in his monograph as well as to 
the fungus to which de Bary had originally applied the epithet, he neverthe- 
less referred them ‘‘for the present in the collective species artotrogus.’’ 
That the species artotrogus had in its application acquired a strongly col- 
lective character seems fairly certain. Most of the reports on its occurrence 
vive little suggestion that details relating to antheridial morphology had 
received appropriate attention when the determinations were made; agree- 
ment with respect to size of oogonium, presence of oogonial protuberances, 
and size of oospore being apparently deemed sufficient to establish identity 
as long as no other species embodying somewhat similar features had been 
deseribed in the genus. If in accordance with usage so broad, P. acanthicum 
and P. pertplocum should, like P. oligandrum, have happened to be recorded 
under the binomial P. artotrogus, the error would have concerned species 
that presumably are intimately related to the one with which they were con- 
fused—all being distinguished by capacity for attacking congeneric forms, 
and by the tapering shape of their oogonial protuberances. Much wider of 
the mark would have been the almost equally probable application of de 
Bary’s binomial to P. spinosum Saw. (39) and P. mamillatum Meurs (33), 
which through their more typically digitate oogonial protuberances, their 
rather copious production of aerial mycelium, and their inability to para- 
sitize congeneric forms, are at once estranged from the oligandrum series 
and brought into alignment with the familiar damping-off pathogens P. 
irregulare Buism. (9), P. debaryanum, and P, ultimum. 

Since several species of Pythium with spiny oogonia mostly 18 to 27 y in 
diameter are now known to exist it can no longer be considered wholly 
certain that the fungus found by de Bary in dead tissues of herbaceous plant 
parts and described by him mainly from ecress-seedling (Lepidium sativum 
L.) cultures as P. artotrogus was the same as the fungus which produced in 
a sprouted potato tuber the pronouncedly echinulate reproductive bodies 
whereon Montagne (5, 6, 35) more than 30 vears earlier had based the 
generic and specific characterizations of Artotrogus hydnosporus. Aeccord- 
ingly, disagreement with de Bary’s description can no longer be held neces- 
sarily to imply separateness from Montagne’s species, The spines figured by 
Montagne (6: fig. 29) seem much narrower, more acutely pointed and more 
thickly crowded than any oogonial protuberances I have ever observed in 
cultures of Pythium; though in such particulars allowance must be made for 
wide differences in habits of draughtsmanship. Failure to mention or to 
depict antheridia might perhaps be held especially suggestive either of the 
consistently parthenogenetic P. anandrum Drechsl. (17, 20) or of the fre- 
quently parthenogenetic P. oligandrum; but the oogonia of these 2 species 
rather markedly exceed in diameter the 1/50 mm. indicated for this dimen- 
sion by Montagne. Actually Montagne’s fungus might have been a form 
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well supplied with antheridia; for if the male elements of P. acanthicum and 
P. periplocum, for example, soon become indiscernible even in a transparent 
substratum and under a very good modern microscope with excellent. il- 
lumination, it seems at least probable that similarly evanescent elements 
could have remained undetected in more or less opaque potato tissue under 
a microscope of the sort used a century ago. In view of the attending 
difficulties it is not surprising that de Bary (4, p. 576), who later examined 
authentic material of A. hydnosporus in a dry permanent mount, was not 
able to give much further information with respect to the mycelial relation- 
ships and possible antheridial supply of Montagne’s spiny bodies. <Al- 
though de Bary held as unquestionably identical with these spiny bodies 
some echinulate structures which he had found in potato (Solanum tuber- 
osum LL.) tubers affected with the late blight fungus, Phytophthora infestans 
Mont.) de Bary, and which he subsequently (4, p. 576) recognized as 
oogonia of his P. artotrogus containing oospores in mature or maturing 
condition, it is worthy of note that one (2, fig. 1) of his three early figures 
illustrating the echinulate structures seems to show 4 cellular components 
corresponding remarkably well in size to the plural refringent bodies of P. 
oligandrum while another figure (2, fig. 3) seems to show 2 such components. 
Possibly the comment (4, p. 576) in his definitive account of P. artotroqus 
to the effect that his earlier description had not adequately set forth the 
constitution of the oospore contents may have been intended to disparage 
the accuracy of these figures in showing plurally the cellular components 
under discussion. He stated (4, p. 624) at all events that at full maturity 
the condition of the oospore in P. artotrogus was like the condition illus- 
trated ina ripe oospore of his P. megalacanthum, or ina ripe oospore of his 
P. proliferum—both revealing unmistakably a single refringent body in the 
parietal layer surrounding the single reserve globule. Likewise in another 
treatise (3, p. 61), devoted more especially to sexual reproduction in the 
oomycetes, he included all species of Pythium therein described by him—-and 
P. artotrogus was one of these species—among representatives of various 
genera whose ripe oospore he found to contain a single ‘‘heller Fleck’’ (re- 
fringent body) in the parietal granular layer surrounding the ‘‘ Fettkugel’’ 
reserve globule). While these statements by de Bary must be held to 
establish unitary organization of the oospore as a specifie character of P. 
artotrogus, his eurious failure to supply in his two later publications any 
figure showing unitary organization in a ripe oospore of the species invites 
speculation whether some difficulty may not have intervened such as could 
have been occasioned by intrusion now and then of material referable to 
P. oligandrum. Although Butler (10, p. 100-101) gave little attention to 
internal organization of oospores, his characterization of the antheridia in 
P. artotrogus as being ‘always hypogynal,’’ together with his first-hand 
delineation of consistently hypogynal antheridia presumably from material 
of a spiny form he found in Calcutta in decaying potato tubers affected with 


Phytophthora infestans, would seem to provide the only record rather un- 
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ambiguously setting forth an association of the host relationship of A. 
hydnosporus with the antheridial morphology characteristic of P. artotrogus. 
Indeed, Butler’s account would seem to provide also about the only first- 
hand record, apart from de Bary’s deseription of P. artotrogus, wherein 
spiny oogonia are set forth as being fertilized exclusively by hypogynal 
antheridia., In recent times, however, Matthews (32, p. 101-104) described 
as P. echinulatum a fungus with spiny oogonia usually fertilized by hy- 
pogynal antheridia, rarely by branch antheridia. Though held to be similar 
to P. artotrogus in general appearance and in size of oogonia and oospores 

the oospores individually containing a single refringent body—the fungus 
was separated from that species because it produced numerous conidia and 
zoosporangia. From the description given of them, these conidia and 
sporangia resemble rather closely the homologous reproductive bodies of P. 
debaryanum as well as the conidia of P. ultimum, which species de Bary 
evidently included under the one named in his honor. The resemblance 
seems of some moment, since in all of de Bary’s eress-seedling cultures P. 
artotrogus never occurred except in admixture with P. debaryanum; the 
spiny form, according to his account, appearing tardily in somewhat meager 
quantity after the smooth damping-off parasite had produced a fairly 
luxuriant mycelium and numerous reproductive bodies. Under these cir- 
cumstances should the spiny fungus have produced asexual reproductive 
bodies indistinguishable from those of P. debaryanum—and in this connee- 
tion the difficulty of distinguishing generally similar bodies when seen only 
in mixture, together with the inferior capabilities of the microscopes in use 
65 or 70 vears ago, needs to be considered—de Bary might not, he rather 
clearly intimates (4, p. 574, lines 43 to 49), have been able to refer them to 
P.artotrogus. If seen only in mixed eultures of the kind studied by de Bary, 
even the sporangia of P. oligandrum and of P. acanthicum, though differing 
more pronouncedly from those of P. debaryanum than the sporangia de- 
scribed and figured by Matthews, might perhaps not be distinguished sue- 
cessfully from the more numerous alien reproductive bodies present with 
them. Wherefore, indeed, in separating these 2 spiny forms, and for that 
matter also P. periplocum, from P. artotrogus, it was deemed advisable to 
rely almost wholly on differences relating to morphology of sexual repro- 


ductive apparatus. 


GERMINATION OF OOSPORES OF PYTHIUM PERIPLOCUM 


Oospores of Pythium periplocum produced in maizemeal-agar plate cul- 
tures seem, like those of P. oligandrum, to require a fairly prolonged resting 
period before they will germinate readily in pure water devoid of nutrient 
substances. After some cultures had been stored in the laboratory for 165 
days at temperatures fluctuating mostly between 28° and 32° C., about a 
third of the oospores germinated promptly on shallow irrigation. When 
storage was continued 45 days longer at slightly lower temperatures, nearly 
all the oospores germinated, some of them undergoing transformation into 
zoosporangia so rapidly that zoospores began swimming about within 2 hours. 
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Fig. 10. Germination of oospores of Pythium periplocum taken from maizemeal- 
agar plate cultures 7 months old; x 1000 throughout. A—E. After-ripened oospores show 
ing two layers in wall. F-H. Oospores about 30 minutes after transfer to water. I-L. 


Oospores with elongating germ hyphae, t. M. Oospore whose contents have been converted 
into zoospores in the vesicle at the tip of the evacuation tube t. N-Q. Empty oospore 
envelopes, each with an empty evacuation tube, t. R. Ooospore germinating by produc- 
S-Z. Encysted zoospores produced through germination of oospores. 


tion of a mycelium. 
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During the resting period the oospore shows very gradually increasing 
contrast between a relatively thin colorless outer layer and a thicker yellow- 
ish inner layer (Fig. 10, A-G). In many instances the typically unitary 
organization of the protoplast (Fig. 10, A-C) becomes modified through the 
presence of 2 (Fig. 10, D, E, F) to 4 (Fig. 10, G) refringent bodies; the 
increased number of these bodies beine often found associated with a 
noticeably vacuolate condition of the parietal granular layer (Fig. 10, F, G). 
Soon after an oospore is immersed in fresh water the thicker yellowish inner 
layer of its wall reveals innumerable closely arranged radial markings (Fig. 
10, fF). The striate laver now dissolves away in a localized region about 
2.5 to 5 1 wide, permitting the protoplast to protrude against the thin outer 
laver (Fig. 10, H). Before long the outer layer vields in the region of 
contact as the protrusion presses forward into the oogonial chamber and 
then forces its way through the oogonial envelope to elongate externally as 
a germ tube (Fig. 10, I-L: t). In the meantime the striate inner layer of 
the oospore wall undergoes gradual obliteration throughout its cireumference 
(Fig. 10, 1), and soon merges indistinguishably with the protoplasmic mass, 
which thus is expanded to make contact everywhere with the persistent 
outer layer of the wall (Fig. 10, J-L) ; the reserve globule during the same 
period changing from a globose to a more irregular shape (Fig. 10, H, L), 
or often dividing into 2 or 3 vacuole-like parts (Fig. 10, J, K) as the re- 
fringent bodies are lost to view in their granular matrix (Fig. 10, J, L). 
Eventually the whole protoplasmic mass streams through the germ hypha 
into a terminal vesicle, where it is fashioned into laterally biciliate zoospores 
(Fig. 10. M). The empty evacuation tube here commonly measures from 
50 to 200 yy in length (Fig. 10, M—Q: t), thus, with respect to this dimension, 
venerally exceeding the corresponding element in P. oligandrum. Very 
often the membrane of the tube is abruptly reflexed at the orifice (Fig. 10, 
M-P: t), though instances are never lacking where the mouth has no lipped 
modification (Fig. 10,Q,t). Rather frequently an evacuation tube is found 
bearing a short branch near its base (Fig. 10, N-P: t), and occasionally 1 or 
even 2 branches may be found attached farther upward (Fig. 10, Q, t). 
However, more abundant branching of a germ hypha (Fig. 10, R) usually 
betokens here, as in allied species, that direct zoosporangial reproduction is 
no longer possible, and that, instead, the substance of the oospore will be 
used for mycelial growth. The zoospores produced through oospore germi- 
nation swim about for some time before they come to rest and round up 
(Fig. 10, S-Z). In all respects they behave much like the zoospores produced 
from sporangia of mycelial origin, 


MORPHOLOGY AND DEVELOPMENT OF PYTHIUM SALPINGOPHORUM 


Although Pythium salpingophorum gives rise to vegetative hyphae as 
wide as 7 1, it produces such stout hyphae less abundantly than P. ultimum. 
P. debaryanum, or P. irregulare, with the result that its myeelium, on the 


whole, looks considerably less coarse than mycelium gf any one of the 3 most 
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Fig. 11. Pythium salpingophorum. A. Mycelium from bottom of a maizemeal-agar 
plate culture, showing thick curving hyphal elements possibly resulting from elongation of 
functionally frustrated appressoria; the alveolate protoplasmic structure revealed by the 


hyphal elements being rather usual in aging mycelium of the species. B, C. Tracts of 
mycelium from upper surface of a maizemeal-agar plate culture, displaying elaborate 


systems of small hyphal coils. Photomicrographs, all approximately x 300. Photomicro 
graph in A has been retouched. 
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familiar damping-off species. In maizemeal-agar plate cultures the fungus 
after several days often displays numerous rather coarse irregular hyphal 
loops in contact with the glass floor of the Petri dish (Fig. 11, A). Since 
these loops have about the same width as the appressoria which during some- 
what earlier stages of vegetative growth are recognizable as swollen knobs 
borne terminally on branches of variable lengths (Fig. 12, A, a-d; B, a—-d; 
C, a-g), they might readily be presumed to arise by prolongation of frus- 
trated appressoria. Such a presumption, however, is open to some doubt, 
inasmuch as the submerged hyphal loops are noticeably coarser than the 
chains of sickle-shaped structures that can often be observed in meagerly 
irrigated preparations, and that very obviously come into being through re- 
peated renewal of growth by appressoria unsuccessful in penetrating the 
glass dish. Further ground for doubt is offered in the usually rather copious 
production of elaborate hyphal coils (Fig. 11, B, C) on the upper surface 
of agar cultures, where all development of penetrative organs would be 
excluded. Although in the main the coils formed on the upper surface are 
more delicate as well as more intricate than those formed on the glass floor, 
scattered examples seem to provide transition from one type to the other; 
thereby suggesting that the submerged coils may in some degree derive 
from growth tendencies not directly connected with development of ap- 
pressoria. Whatever their nature may be, the curious hyphal coils, above 
and below, are often helpful in identifying the species when means are 
lacking for inducing asexual reproduction. 

Like most species of Pythium adapted to a terrestrial habitat Pythium 
salpingophorum is capable of producing some zoosporangia under cultural 
conditions unsuitable for zoospore formation. Thus when grown at 25° C. 
on maizemeal-agar devoid of liquid water it usually gives rise in the course 
of 15 to 20 days to a fairly generous scattering of subspherical asexual re- 
productive bodies (Fig. 13, A, a) resembling with respect to size the familiar 
conidia of P. ultimum, Such globose reproductive bodies, if transferred to a 
shallow laver of water kept at a temperatare near 15° C., soon reveal them- 
selves as zoosporangia by putting forth an evacuation tube (Fig. 13, A, t; 
B, t) individually. Far more abundant development of sporangia ensues, 
however, when young well-nourished mycelium is placed under conditions 
suitable for immediate formation of zoospores. When, for example, slabs 
are excised from a thin plate culture of maizemeal or Lima bean agar well 
permeated with actively growing mycelium, and are placed in a shallow layer 
of water at 15° C., asexual reproductive apparatus (Fig. 13, C-—R) will 
usually be found present in enormous quantity after 10 to 20 hours; the 
innumerable sporangia then produced, intermingled amid a confusion of 
active and enevsted zoospores, not only blanketing the surface of the slabs 
but extending out over the narrow fringe of extramatrical mycelium. 

Probably the most distinctive morphological character associated with 
asexual reproduction in Pythium salpingophorum is the very pronounced 
distal widening of the evacuation tube (Fig. 13, C,t;D,t). After the apex 
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Fig. 12. Pythium salpingophorum. A-C. Portions of mycelium at bottom of maize 


meal-agar plate culture, showing development of appressoria (a—d, a-¢ 
in eontact with glass floor of Petri dish; x 500. D-Z. 


1, a-g, 


y respectively ) 
Germination of oospores from 


maizemeal-agar plate cultures 8 months old; drawn with aid of a camera lucida; x 1000. 
D, E. Oospores shortly after immersion in water, each showing darkening of inner layer 
of wall preparatory to germination. F. Oospore whose protoplast has assimilated the in 
G. Oospore, a, that has produced 


ner layer of the wall, and is extending a germ hypha, t. 
terminal sporangium, b. H, I. Oospores, a, that have each produced a terminal sporan- 


J. Oospore that has put 


_ 


i 
gium, b, from which an evacuation tube, t, has been extended. 
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of the tube has yielded to permit the sporangia] contents to flow out, the 
flaring terminal portion of the membranous envelope folds backward after 
the manner of a trumpet with reflexed bell—a feature signalized in the 
epithet chosen for the species. Where the empty tube is less than 5 in 
length, the envelope in its entirety offers a bell-like contour (Fig. 13, E, t; 
N,t; O,t; P,t). Since the vesicular film is attached, as in other species, to 
the very rim of the membrane, the rolled anterior portion of the reflexed 
tube extends perceptibly into the chamber of the vesicle (Fig. 13, G, t; H, t). 
yenerally the vesicle here can be seen more readily than in P. oligandrum, 
being nearly always diseernible with good illumination. Even at the time 
sporangial discharge has just been completed it is usually considerably 
larger than the mass of loosely enclosed protoplasm. It grows in size as 
zoospore formation proceeds; so that before the zoospores are ready for 
liberation its diameter is usually twice the diameter of the empty sporangium 
(Fig. 13, H, a). In most instances the sporangial envelope, on being 
evacuated, contracts appreciably in volume, and at the same time takes on 
the haphazard irregularities of contour frequent in the shrinkage of emptied 
membranes (Fig. 13, F, a; G-I; K, b; L-N; P); though in some instances 
the membrane is sturdy enough to maintain its smooth outline after evacu- 
ation (Fig. 13, O; J, a, b; K, a). Many of the largest and sturdiest 
sporangial envelopes (Fig. 13, I; J, a, b; K, a, b) are found in interealary 
positions in hyphae lying directly on irrigated portions of substratum. 
However in irrigated material the most usual position for a sporangium is 
a subterminal position 3 to 20, below the tip of a simple or meagerly 
branched filament; the terminal hyphal part being borne distally on the 
reproductive body somewhat like an appendage (Fig. 13, D; E; F,b; G; H; 
M-P). Occasionally where the terminal hyphal part is very short, it is not 
eut off by a septum; so that the sporangium comes to have a beaked shape, 
and occupies a terminal position (Fig. 13, F., a). A similar beaked pro- 
longation may at times likewise modify the shape of a sporangium borne 
more or less laterally (Fig. 13, C). Now and then after a terminal or 
subterminal sporangium has been evacuated, renewed growth from the 
basal septum leads to the production of a second sporangium within the 
emptied envelope (Fig. 13, E); or the supporting hypha may grow out 
laterally just below the basal septum of the first sporangium (Fig. 13, F, a) 
to bear a second sporangium (Fig. 13, F, b) on an oblique branch of variable 
length. In my irrigated preparations of the fungus, proliferous develop- 
forth directly an evacuation tube, t, which is about ready to yield at its expanded tip. 
K. Oospore, a, that has discharged its contents through the evacuation tube, t, into the 
vesicle, b, where they have been fashioned into 12 zoospores. L—U. Oogonial envelopes, 
each containing the empty outer layer of the oospore wall, from which the protoplasmic 
contents have migrated through the evacuation tube, t, to be transformed into zoospores 
in a vesicle. V. Oogonial envelope, a, surrounding the thin outer layer of the oospore 
wall which is prolonged into the evacuation tube, t, near the mouth of which 8 immature 
zoospores have encysted irregularly to form a cluster, b. W. Oogonial envelope, a, sur- 
sounding outer layer of oospore wall which encloses 3 well-encysted zoospores; near mouth 


of evacuation tube, t, is a cluster of 8 irregularly encysted zoospores, b. X—Z. Zoospores 
that have encysted after period of motility following liberation from vesicle. 
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i Fr 13. \sexual reproductive apparatus of Pythium salpingophorum, drawn with 
en. the aid of a camera lucida from irrigated maizemeal-agar (A, B) and irrigated Lima-bean 
gar; 1000 throughout. A. Two zoosporangia formed close together, one of them, a, 

I n inert conidial condition, the other, b, actively extending an evacuation tube. B. 

Inter ry sporangium actively putting forth an evacuation tube. C. Lateral sporan 

giun th an evacuation tube nearly ready for dehiscence. D. Subterminal sporangium 

vith an evacuation tube ready for dehiscence. FE. Subterminal sporangial envelope 

that after being emptied has become largely occupied by a secondary sporangium., F’. 

a, branched distally to bear sub- 


Hypha which after producing a terminal sporangium, : 
sporangium, b. G. Subterminal sporangium about 2 minutes after 


terminally second 
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ment, whether by uniaxial elongation or by subsporangial branching, has 
always been relatively infrequent. Since, further, such development has 
been found almost exclusively among the less rangily attached sporangia 
formed in crowded arrangement on the upper surface of irrigated agar 
slabs, where observation is far more difficult than in the surrounding extra- 
matrical fringe, it can hardly be regarded as a feature promising much 
usefulness in the recognition of the species. 

In some irrigated preparations of Pythium salpingophorum the actively 
swimming zoospores (Fig. 13, H, b) have appeared to be slightly longer in 
proportion to their width than the zoospores of most members of the genus. 
The difference in shape has, however, not always been clearly observable, 
and accordingly is not to be urged as a distinguishing feature. On coming 
to rest the zoospores round up to form subspherical or prolate ellipsoidal 
eysts (Fig. 13, Q, a-i). Although these cysts usually remain submerged, 
they have at times been found floating on the surface of the water in count- 
less numbers. They germinate rather readily by putting forth a common- 
place germ hypha (Fig. 13, R). 

Sexual reproduction takes place freely both in irrigated Lima-bean-agar 
preparations and in cultures of maizemeal agar containing in suspension a 
substantial quantity of finely divided maizemeal. As in Pythium oli- 
gandrum, parthenogenetic development is frequent. The young oogonia 
make their appearance here and there on the mycelium as subspherieal, 
prolate ellipsoidal, or oblate ellipsoidal enlargements. Often when two or 
three are formed adjacent to one another, and no antheridium is present, 
they look at first much like conidia; their character as oogonia, however, soon 
becomes evident when, after they have attained definitive size, their proto- 
plasmic contents assume a coarsely lumpy texture (Fig. 14, A, a-e). A 
thick, spherical oospore wall is then laid down in intimate contact with the 
inflated portion of oogonial envelope (Fig. 14, B, a, b); the wall as a rule 
being physically separated from the envelope only where the oogonium is 
extended at either end. A number of reserve globules thereupon become 
visible in the midst of the protoplasmic lumps (Fig. 14, B, a, b). Later these 
are united into a single reserve globule; and the surrounding lumps are 
resolved into minute granules to be distributed as components of the parietal 
laver in which a single refringent body of orbicular or oblate ellipsoidal 
shape emerges clearly into view. The resulting parthenospore when fully 
mature (Fig. 14, C; D, a-e; E, a-e; F. ae; G, a-e; H, a—d) thus reveals the 
unitary internal organization characteristic of oospores in most members 
of the genus. 

Although parthenogenesis often predominates over conjugative develop- 
ment in Pythium salpingophorum, it is common for 1 in 3 or 4 oogonia to be 


discharge of contents into vesicle. H. Same sporangium about 15 minutes after dis- 
charge, showing 14 zoospores within vesicle nearly ready for liberation; b, zoospore after 
liberation. I; J, a, b; K, a, b. Empty envelopes of intercalary sporangia, each bearing 
a rather long, empty evacuation tube. L—P. Empty envelopes of subterminal sporangia, 
each bearing a rather short, empty evacuation tube. Q. Encysted zoospores, a—i, showing 
variation in size and shape. R. Germinating zoospore. (t, evacuation tube.) 
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Fic. 14. Sexual reproductive apparatus of Pythium salpingophorum drawn from 
irrigated Lima-bean-ag 


gar (A, B, K-S) and from maizemeal-agar plate cultures (C—J) 
with the aid of a camera lucida; x 1000 throughout. A. Hypha bearing 3 young but full 
grown oogonia, a—c, that are beginning parthenogenetic development. B. Hypha bearing 
2 oogonia, a and b, each containing an immature parthenospore with thick wall. C. In- 
tercalary oogonium of large size, with a mature parthenospore. D-G. Portions of hyphae, 


each bearing 3 mature parthenospores, a-c. H. Portion of mycelium bearing 4 mature 
rthenospores, a-d. I. Laterally intercalary oogonium with large parthenospore still 
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supplied with a male complement. Most frequently this complement con- 
sists of a single clavate crook-necked antheridium (Fig. 14, J-N; O. a, ©) 
borne on a short branch arising from the oogonial hypha either in immediate 
proximity to the oogonium (Fig. 14, K—N; O, a, ¢) or occasionally at a 
distance of several microns from the oogonial boundary (Fig. 14, J). Now 
and then an androgynous branch antheridium is supplied from both the 
proximal and the distal side of the oogonium (Fig. 14, P). Occasionally. 
again, an antheridium (Fig. 14, Q, R) or 2 antheridia (Fig. 14, 8) are con- 
tributed by a hypha having no close mycelial connection with the oogonium ; 
male cells of such origin being more often sessile than those of androgynous 
origin, and usually lacking crook-necked curvature. As a rule the oogonial 
envelope becomes noticeably lipped about the short fertilization tube usually 
extended from the apex of the antheridium. In most instances a substantial! 
portion, if not all, of the antheridial contents are delivered through the 
tube. Failure of fertilization may be inferred in other instanees (Fig. 14. 
kK, O, a), where no tube is intruded or where the antheridium retains its 
contents undiminished. Here and there an oogonium (Fig, 14, O, b) may be 
found to which is directly attached an antheridial branch supplying an ad- 
jacent older oogonium (Fig. 14, O, a); an appearance being thereby pre- 
sented as if the antheridial branch were of oogonial origin. There is much 
reason to presume, however, that in all such eases the antheridial branch 
erew out from a portion of undifferentiated hyphal filament, and that it 
came into its anomalous positional relationship subsequently when the 
hyphal portion was distended to form the younger of the 2 contiguous 
oogonia. A similar relationship of parts is frequent in my P. paroecandrum 
(22, p. 208) and has been observed likewise in some cultures of the familiar 
P.ultimum that produced sexual apparatus very abundantly. 

In irrigated preparations of Pythium salpingophorum seattered oogonia 
may be found enclosing oospores so much smaller (Fig. 14, K) that separa- 
tion between oogonial envelope and oospore wall is no less distinet than in 
P. debaryanum or P. ultimum. Wowever, in agar cultures such separation 
is usually evident only where the spherical contour of the oogonium merges 
with the eylindrical contour of the supporting filament; though here and 
there, especially in terminal (Fig. 14, H, d) or laterally interealary (Fig. 
14, I) oogonia, separation may be observable, besides, in blister-like ir- 
regularities of the oogonial envelope. For the most part, oospores of the 
species have little the aspect of endogenous reproductive bodies. On aging, 








slightly immature with respect to distribution of reserve material among several globules. 
J. Oogonium fertilized by a branch antheridium arising nearby from same hypha; oospore 
in early stage of development. K. Oogonium apparently not fertilized though supplied 
with a branch antheridium arising nearby from the same hypha; the parthenospore here 
being unusual in lying loose within the oogonial chamber. L-—N. Solitary oogonia, each 
supplied with an antheridium arising nearby from same hypha; the oospores here showing 
successively later stages in maturation. O. Three adjacent oogonia, one of them, a, sup- 
plied with an antheridium on a branch from its younger neighbor, b, while the third, ¢, is 
fertilized by an antheridium originating nearby from the parent hypha. P. Oogonium 
supplied with 2 antheridia, both borne sessile on the oogonial filament. Q, R. Oogonia, 
each supplied with an antheridium borne sessile on a neighboring hypha. S. Oogonium 
supplied with 2 antheridia sessile on a neighboring hypha. 
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after all antheridia have vanished from sight, they could readily be mistaken 
for chlamydospores, were it not for their internal organization. They show 
generally a fairly high degree of uniformity with respect to size. The 
metrie data, given in the diagnosis, relative to oogonium and oospore were 
based on 200 measurements of specimens chosen at random in 14-day-old 
maizemeal-agar plate cultures containing very abundant sexual apparatus 
with virtually no degeneration. The 200 oogonia gave values for diameter, 
expressed in the nearest integral number of microns, distributable as fol- 
lows: lly, 1; 12 y,1; 15 yu, 10; 14, 27; 15 y, 42; 16, 54; 17 p, 41; 18 n, 
14; 19 u, 6; 20u, 2; 214, 1; 22 u, 1; and the 200 oospores or parthenospores, 
all of correct internal structure, that were contained in them, gave values for 
diameter, expressed in the nearest integral number of microns, distributable 
thus: sak 1; lly, 1; 12u, 18; 18 yn, 29; 14, 40; 15 u, 62; 16u, 33; 17 p, 
11;18 uw, 6; 19 u, 4. 

both from maizemeal-agar plate culture 250 days old were found to 
germinate freely when placed in a shallow layer of water kept at tempera- 
tures near 16°C. During the period of after-ripening the oospore wall 
becomes more distinctly differentiated into an outer colorless layer and a 
somewhat thicker vellowish inner layer. On immersion in water the differ- 
entiation is further accentuated through radial markings of the inner Jayer 


Fig. 12, D). In some cases the single reserve globule now divides into 
several globules, and the refringent body also may undergo division (Fig. 
12, E). Soon the inner ‘eee of the oospore wall merges indistinguishably 


with the protoplast, which puts forth a protrusion that after pushing 
through both the outer laver of the oospore wall and the oogonial envelope 
continues growth externally as a germ tube (Fig. 12, F); the reserve 
globules and the 1 or 2 refringent bodies meanwhile being lost to view. 
Sometimes after the germ hypha has attained a length of 25 to 100 yn, all 
the protoplasmic contents of the oospore | Fig. 12, G-I: a) are utilized for 
the production of a terminal sporangium (Fig. 12, G—-I: b); which may Jater 
put forth an evacuation tube (Fig. 12, H, t; I, t) much like a sporangium 
ot mycelial origin. Jlowever, under favorable conditions the oospore ( Fig. 
12, J; K,a) functions directly as a sporangium; the germ tube extended by 
it (Fig. 12, J, t) forming on its expanded tip a eap of dehiscence which on 
vielding permits migration of the oospore contents into a terminal vesicle 


where they are fashioned into laterally biciliate zoospores, mostly 6 to 15 


in number (Fig. 12, K, b). The empty evacuation tubes here are often 
rather strongly reflexed at the end (Fig. 12, L-P: t), though frequently, 
too, they are merely widened at the mouth without being folded backward 

Fig. 12, Q-V: t), and occasionally they show no distal widening (Fig. 12, 
W. t). Owing very probably to lack of sufficient water the vesicle some- 
times disintegrates prematurely, with the result that the young zoospores, 
not yet provided with flagella, eneyst in irregular shapes and thus remain 
clustered near the mouth of the evacuation tube (Fig. 12, V, b: W, b). 
Where a portion of protoplasm fails to migrate from the Pans of the 
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oospore, it is nevertheless successfully fashioned into zoospores, which after 
a period of movement within their small enclosure round up to form spheri- 
eal cysts (Fig. 12, W, a) indistinguishable from the cysts formed from nor- 
mally liberated zoospores (Fig. 12, X, Y, Z). After being emptied of 
contents the persistent thin outer layer of the oospore wall sometimes re- 
mains appressed to the oogonial envelope (Fig. 12, G, H, K, N, 0, T, U, V), 
but at other times shrinks away to become more clearly visible as a discrete 
membrane (Fig. 12, I, M, P, Q, R, S, W). 

Like many congenerie forms Pythium salpingophorum is subject to 
severe attack when it is grown on maizemal agar in dual culture with P. 
oligandrum. Its mycelium is abruptly halted in its advance when it en- 
counters growing mycelium of the echinulate species; the extension of the 
echinulate species, however, continuing without interruption. Everywhere 
in the zone of encounter young hyphae of P. salpingophorum (Fig. 15, A, 
a; B, a) become elaborately enveloped by branches of P. oligandrum (Fig. 
15, A, b; B, b). Numerous threads of the smooth species (Fig. 15, C, a) 
are extensively invaded by assimilative filaments of the spiny one (Fig. 
15, C, b), although plugs and irregular septa laid down in the former have 
some effect in restricting the field of each invasion. After the contents of 
the host thread (Fig. 15, D, a) have been appropriated, the assimilative 
filaments (Fig. 15, D, b) extend branches through the hyphal membrane to 
attack other threads. In dual culture with P. acanthicum, the mycelial ad- 
vance of P. salpingophorum is likewise stopped abruptly in the zone of en- 
counter; and its voung hyphae (Fig. 15, E, a) here similarly become en- 
veloped by branches of the opponent mycelium (Fig. 15, E, ¢). While 
large hyphae of the smooth form (Fig. 15, F, a) sometimes suecessfully re- 
sist invasion by the enveloping branches (Fig. 15, F, ¢), their protoplasmic 
contents nevertheless suffer thoroughgoing degeneration. Hyphae of P. 
salpingophorum having less indurated walls (Fig. 15, G, a; H, a) are 
readily invaded by P. acanthicum (Fig. 15, G, ¢; H, ©) and when their con- 
tents have been appropriated (Fig. 15, I, a) the internal haustorial filaments 
(Fig. 15, I, ¢) erupt through the enveloping membrane to begin another 
attack. Similar injury is incurred by P. salpingophorum when it is grown 
in dual culture with P. periplocum; the advance of its mycelium being 
sharply arrested on meeting the opponent mycelium. Here, also, in the 
zone of encounter numerous hyphae of P. salpingophorum (Fig. 15, J—O: 
a) are penetrated by branches of the echinulate species (Fig. 15, J-O: d) 
and invaded lengthwise by assimilative filaments. Later these filaments 
often push branches (Fig. 15, P, d) through the membrane of the host 
(Fig. 15, P, a) to extend the destructive relationship to other hyphae of 
the smooth species. 

In diseased pea roots from which it was originally described and from 
which it has since been isolated by Horsfall and Kertesz (29), Pythium 
salpingophorum is frequently found associated with the saprolegniaceous 
parasite Aphanomyces euteiches Drechsl. As it was isolated from spinach 
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Fig. 15. Drawn from maizemeal-agar plate cultures with the aid of a camera lucida; 

100 throughout. A-D. Hyphae of Pythium salpingophorum, a, attacked by P. oli- | 

andrum, b. E-I. Hyphae of P. salpingophorum, a, attacked by P. acanthicum, e. J-P. 
Hvyphae of P. salpingophorum, a, attacked hy P. po plocum, ad. 
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Fic. 16. Drawn from maizemeal-agar plate cultures with the aid of a camera lucida; 
x 1000 throughout. <A, B. Hyphae of Pythium salpingophorum, a, attacked by Aphano- 
myces cladogamus (spinach strain), b. C. Hypha of Pythium vexans, a, attacked by 
Plectospira myriandra, b. D. Hypha of Pythium vexans, a, attacked by Pythium peri- 
plocum, b. KE, F. Pythium vexans, a, attacking Pythium periplocum, b, by means of 
appressoria. G. Pythium verans, a, attacked by Pythium acanthicum, b. 
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(Spinacia oleracea Li.) roots collected near Norfolk, Va., late in November, 
1932, and from tomato rootlets collected near Beltsville, Md., in September, 


1942, P. salpingophorum is known to occur on at least 2 phanerogamie erop 
plants that have been recorded as hosts of another saprolegniaceous root- 
rotting species, A. cladogamus Drechsl. (15, 16, 19). When the fungus is 
erown in opposition to A. cladogamus on maizemeal agar, its mycelial ad- 
vanee is abruptly halted where it encounters the mycelium of the water 
mold. Many of its hyphae (Fig. 16, A, a; B, a) in the zone of encounter 
are soon copiously involved by branches extended from filaments of .1. clado- 
gamus (Fig. 16, A, b; B, b), their protoplasmic contents promptly showing 
degenerative changes by taking on a darkish opaque, lumpy appearance. 
Here and there the Aphanomyces branches narrowly penetrate into the 
Pythium filaments and intrude assimilative hyphae to appropriate the degen- 
erating materials (Fig. 16, A, B). 


THE MORPHOLOGY AND IDENTITY OF PYTHIUM VEXANS 


In 1876 de Bary (2) briefly described under the binomial Pythium re rans 
a fungus which he first found in the month of July in dead exhausted cells 
of several potato tubers that had sprouted despite infection with Phytoph- 
thora infestans; the specifie epithet being chosen because for two long years 
the fungus had given trouble with respect, more especially, to its separation 
from the late blight parasite. Five vears later he (4) expanded his earlier 
account by adding a few more illustrations and by supplying furtier deserip- 
tive details, most of which provided contrast with Pythium dcebaryanum. 
Spherical monosporous oogonia, in most instances mature, were set forth 
as having been found attached laterally to delicate branched hyphae that 
could be traced into intercellular spaces of the spent tuber; the globose 
organ sometimes being borne on a very short stalk, sometimes being sessile 
on the parent filament, and sometimes, again, being broadly inserted upon 
the parent filament as a tangentially interealary body. The single anther- 
idium usually comprising the male complement—2 antheridia were present 
only rarelvy—was described as being mostly of curved clavate shape and 
as arising from the oogonia! hypha in immediate proximity to the oogonium. 
Considerably smaller size of oogonium and oospore was represented as a 
feature separating the species from P. debaryanum; the diameter of the 
former structure having been determined from permanent mounts as 15 to 
18 1, that of the latter structure as 12 to 15y. The fungus was held dis- 
tinguished from P. debaryanum also by the greater delicateness of its oogo- 
nial envelope, by greater size of its oospore in relation to the oogonium, by 
germination of its oospores after only a brief resting period, and by its in- 
ability in repeated trials to infect tissues of the potato plant. It gave fur- 
ther manifestations of saprophytism by growing luxuriantly on dead flies 
and on dead mites; within the mites it produced oospores, but within the 


flies it gave rise only to branching mycelial hyphae and to spherical conidia 
like those of P. debaryanum. In one of de Bary’s figures (4: Ta‘. V, fig. 3) 
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wherein a portion of mycelium is shown, the main axial hypha would seem, 
from the magnification indicated in the legend, to vary in width from 3.5 
to 41, while a secondary branch would seem to have a width of about 1.5 i. 
On this narrow branch is shown attached a unit of sexual apparatus that 
reveals in profile view broad application of an antheridium to a flattened 
portion of the oogonial wall; the portion of antheridial envelope not adnate 
to the oogonium presenting a semicircular contour. In a figure of another 
unit of sexual apparatus (4: Taf. V, fig. 4) the antheridium is shown ad- 
vantageously in dorsal view as being extensively applied flatwise to the 
upper aspect of the oogonium; its attachment to a very short stalk arising 
ostensibly from the oogonial hypha in immediate proximity to the oogonium, 
and its divaricately bilobate shape, seeming especially worthy of attention. 

Butler’s account of Pythium-vexrans (10, p. 91-94) consists mainly of a 
first-hand deseription of a fungus which he found not uncommon in garden 
soil in Great Britain and France, and which he considered undoubtedly the 
same as de Bary’s largely because of distinctive peculiarities he recognized 
in the frequently broad insertion of the oogonium and in the clavate or 
rounded shape of the relatively large antheridial ceil. In Abutilon-root 
cultures the fungus gave rise extramatrically to oospores 20 to 22 y in diam- 
eter within oogonia measuring 22 to 25 in diameter; its main measure- 
ments, therefore, not only considerably exceeding those originally ascribed 
to P. verans, but also exceeding, even if only rather slightly, those ascribed 
to P. debaryanum (or to the synonymous P. Equiseti Sadebeck) both by 
de Bary (21 to 24 for oogonial diameter and 15 to 18: for diameter of 
oospore) and by Butler (20 to 25 y for oogonial diameter and 14 to 18 for 
diameter of oospore). The individual oogonium was reported to be sup- 
plied with one antheridium, rarely with two; the antheridia usually arising 
from the oogonial stalk and sometimes being hypogynal. De Bary’s account 
of P. verans makes no mention of hypogynal antheridia, nor of an arrange- 
ment of sex organs which Butler found to be fairly common—an arrange- 
ment initiated through prolongation of the oogonial branch from below the 
female cell as a somewhat coiled, plurally diverticulate stalk which then cuts 
off terminally an antheridial cell that bends around to reach the apex of the 
oogonium and intrudes there a fertilization tube. Butler found the anther- 
idial cell always closely applied to the oogonial wall so as to fuse with this 
wall over a large part of its circumference; the two conjugating organs to- 
gether appearing commonly as a pear-shaped bilocular structure. In his 
figures of such structures (10: Plate V, fig. 8, a, b; 9) the male component 
is shown with a dome-like profile rather similar, it must be admitted, to the 
semicircular antheridial profile drawn by de Bary. While in some of his 
cultures Butler obtained zoosporangia in addition to conidia—both measur- 
ing 17 to 24 y in diameter—other cultures yielded conidia but no zoospo- 
rangia; so that the fuller scope of asexual reproductive development in his 
fungus was readily reconcilable with de Bary’s findings. Some departure 
from the conidial morphology implied in de Bary’s account might not wholly 
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without reason be read into Butler’s statements intimating that the conidia in 
his material were much more frequently of irregularly pyriform, ovoid, or 
subangular shape than of more symmetrical subspherical shape, and that 
their protoplasmic contents were of denser appearance than the contents of 
conidia in P. debaryanum. A vegetative character distinguishing his fungus 
from any other species known to him was recognized by Butler in the fre- 
quent prolongation of secondary and tertiary branches far beyond the pri- 
mary hyphae, and their attenuation at the ends into very fine filaments. 
Lateral branches, according to his statement, were given off in a very irregu- 
lar manner; and the mycelium, in general, was slender, finer then that of 
P. debaryanum. 
In 1924 Braun (8) described as a new species, under the binominal 
Pythium complectens, a fungus he had isolated from blackened geranium 
Pelargonium sp.) stems found in greenhouses at Washington, D. C., which 
in inoculation experiments caused decay in the stems of geranium cuttings 
and in Coleus cuttings, though it failed to attack either cucumber or water- 
eress seedlings, and in radish (Raphanus sativus L.) seedlings caused only 
superficial black streaks on the stems. Without determining whether his 
fungus would attack the living potato plant—the only phanerogam de Bary 
tried out in the experimentation relevant here—Braun distinguished P. com- 
plectens from P. verans partly on the score of its pathogenicity. He dis- 
tinguished his fungus in part, again, on the ground that its hyphae, measur- 
ing 1.7 to 4.85 uy in width, were cylindrical with rounded tips and did not 
taper to fine points; although it would seem by no means certain that the 
very fine filaments of Butler’s fungus need necessarily have been sharply 
pointed at the tip, or that the plant bearing them was actually referable to 
P. verans. Owing to the uncertain identity of Butler’s plant, the contrast 
that its rare, irregularly shaped sporangia offer to the subspherical or oval 
sporangia produced abundantly on various agar media by the geranium 
fungus appears of dubious relevance in separating this fungus from P. 
verans. Braun assuredly erred in representing de Bary as having observed 
no sporangia or conidia in P. verans; for, as has been mentioned, de Bary 
reported development of conidia when his species was grown on flies. In- 
deed, since the German mycologist likened his conidia to those of P. debary- 
anum they must have been rather similar to the sporangia Braun aseribed 
to P. complectens, which in shape and size—their diameter being stated to 
vary from 16.4 to 27.3 ;—show moderate resemblance to the conidia of P. 
debaryanum and of P. ultimum. According to Braun, the oogonia of the 
reranium parasite are borne each on a slender stalk, and are not inserted 
by a broad base into the mycelial tube after the manner of oogonia in P. 
verans. The antheridium of his fungus, an organ described as ‘‘single, one- 


celled, arising from adjacent hypha or below oogonial stalk, persistent, vary- 


ing from a trumpet shape flaring out at region of attachment, to a broad 
irregularly lobed mass clasping a large part of the oogonium and fused with 
it,’ Braun recognized as resembling in shape the broadly applied anther- 
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idium by which, in his view, de Bary characterized P. verans. From his 
qualifying comment to the effect that a figure of de Bary’s (4: Tab. V, fig. 3) 
shows, nevertheless, one clavate antheridium, it would seem that Braun 
regarded clavate antheridial shape in P. ve.wrans as a feature rather excep- 
tional in the morphology originally ascribed to the species by its author. 
In reality, however, de Bary set forth the antheridium of P. vexans as being 
usually of curved clavate shape and only seldom of other form. Somewhat 
curiously, therefore, de Bary’s statement of antheridial morphology might 
have afforded a stronger argument in favor of separating the geranium 
pathogen from P. vexans than was derived from it by Braun. 

After the publication of the paper presenting Pythiwm complectens as a 
new species, Braun kindly gave me a culture of his fungus. By comparison 
of material grown under like conditions, the fungus was readily seen to be 
identical with more than a dozen cultures sorted out, mainly because of 
resemblances in mycelial luster and antheridial morphology, from a numer- 
ous collection obtained in 1924 from softened pea roots and blackened sweet- 
potato rootlets—from the same collection in which, as has been noted, P. 
oligandrum was found so abundantly represented. The species has subse- 
quently been recognized in cultures isolated from affected roots of pansies, 
tomatoes. peppers (Capsicum annuum L.), beans, giant ragweed plants, and 
pale touch-me-not plants collected in Arlington, Va., in Washington, D. C., 
and near Beltsville, Md. It has been recognized likewise in several cultures 
isolated from sugar-beet roots collected near East Lansing, Mich., and near 
Saginaw, Mich., in June, 1927, as well as in a few cultures among a much 
larger number isolated from celery (Apium graveolens L.) seedlings then 
collected near Kalamazoo, Mich. Later it was encountered also in a few 
cultures derived from discolored spinach rootlets gathered in fields near 
Norfolk, Va.. in November, 1932. 

In maizemeal-agar plate cultures the fungus produces a mycelium of 
markedly lustrous radiating appearance attributable here as in allied forms 
to a rather pronounced degree of parallelism in arrangement of the sub- 
merged and prostrate axial hyphae. This type of appearance, to which 
Braun aptly refers as a ‘‘combed silk effect,’’ and which he illustrates rather 
satisfactorily (8: Plate 1, b), may justly be considered well worth mention- 
ing in descriptive accounts, even though its presence in similar cultures of 
various congenerie species, including, for example, Pythium complens 
Fischer and P. acanthicum, somewhat abates its distinctiveness as a diag- 
nostic character. Aerial mycelium is frequently absent on maizemeal agar 
in Petri-plate cultures, but usually is produced in moderate quantity on the 
same substratum in tube cultures. Somewhat more abundant acrial devel- 
opment ensues when a richer medium like Lima-bean agar is employed. In 
this medium the submerged mycelium reveals at times some cumulous varie- 
gation in density of hyphal elements. 

After its vegetative growth in maizemeal-agar plate cultures has been 
concluded, the fungus begins to produce, as a rule, both asexual and sexual 
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Fic. 17. Asexual reproductive apparatus of Pythium vexans drawn with the aid of 
a camera lucida from a maizemeal-agar plate culture (A—-F), from irrigated maizemeal 
agar (G—K), and from irrigated Lima-bean agar (L-U); x 1000 throughout. A-F. In 
tercalary sporangia as found in rather soft maizemeal-agar plate cultures 51 days after 
inoculation. G. Sporangium that was formed in a maizemeal-agar culture, and that ex 


tended ani « ‘uation tube promptly on addition of water. H. Sporangium, a, that was 
formed in a maizemeal-agar plate culture and that promptly extended an evacuation tube 
on addition of water; b, same sporangium after discharge of granular contents into a 


vesicle; c, empty, distally reflexed evacuation tube of same sporangium, together with the 
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reproductive apparatus. Since in such cultures zoospore formation cannot 
take place owing to lack of free liquid water, asexual reproduction is re- 
stricted to development of subspherical or ellipsoidal bodies mostly varying 
in diameter between 15 and 30. In cultures 15 to 25 days old a substan- 
tial proportion of these bodies often measure from 25 to 30 4 in diameter. 
For the most part specimens of such large size are found in laterally inter- 
ealary (Fig. 17, A—E) or mesially interealary (Fig. 17, F) positions in the 
stouter main mycelial filaments; thus offering, with respect to size and 
hyphal relationships, the similarity to conidia of Pythiuwm debaryanum and 
P. ultimum that is to be inferred from de Bary’s account of P. verans. 
When the globose bodies are sparingly irrigated with distilled water they 
usually germinate rather promptly. Sometimes germination takes place 
almost exclusively by emission of germ tubes that grow directly into 
branched mycelia; whereas at other times by far the greater number of 
elobose bodies give rise to zoospores. The frequent predominance of the 
one or the other of the alternative modes of development affords some mea- 
sure of reconciliation between the findings of de Bary and of Braun relative 
to asexual reproduction. 

Butler’s statement that in Pythium verans zoospores are given only 
when sporangia are sown immediately in fresh water would seem to imply 
that de Bary’s failure to obtain zoospore development could well have been 
due to the age of the conidia in his material—an implication not necessarily 
devoid of merit because of the questionable identity of Butler’s fungus. 
Braun reported that in P. complectens the asexual reproductive bodies gave 
rise to zoospores for 10 days after their formation; the proportion of bodies 
that produced zoospores when placed under circumstances favorable for 
germination thereafter diminishing with increasing age. My cultures of 
the species have shown at times even more enduring capacity for zoosporan- 
gial development. Thus, although the reproductive bodies shown in figure 
17, A-G, which were drawn from a Petri-plate culture prepared with rather 
soft, slightly moist agar 51 days after planting, mostiy showed clear evi- 
dence of aging in the presence of a central vacuole (Fig. 17, B-G), all of 
them and the generality of their very numerous fellows germinated as 
sporangia on addition of a small quantity of distilled water. In this mate- 
rial, moreover, germination began very promptly. Many of the globose 
bodies were observed individually putting forth an evacuation tube (Fig. 
17, G, t; Ha, t) within 10 minutes after the water had been added; exten- 





vesicle shortly before the motile zoospores escaped. I. A smaller intercalary sporangium 
which was formed in a maizemeal-agar plate culture, and which on addition of water 
promptly extended an evacuation tube and discharged its contents into a vesicle for trans- 
formation into 8 zoospores. J, K. Empty envelopes left after irrigation of large inter- 
calary sporangia from a maizemeal-agar plate culture; each envelope bearing a short 
reflexed evacuation tube. L—-S. Empty envelopes of sporangia that were formed and dis- 
charged in an irrigated Lima-bean-agar preparation; illustrating interealary (L, M), 
subterminal (N, O, P, R), terminal (Q), and lateral (S) positional relationships to sup- 
porting hyphae; and showing plain-rimmed (L, M, 8) and reflexed (N—R) conditions in 
empty evacuation tubes, as well as pronounced variation in length of these tubes. T. En- 
cysted zoospores, a—o, showing variations in size and shape. U. Zoospores, a-d, each 
germinating by production of a germ tube. (t, evacuation tube.) 
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sion of the tube to its definitive leneth in the eourse of the ensuing 15 minutes 
being followed by abrupt vielding of its hyaline expanded tip and by migra- 
tion of the sporangial contents into a terminal vesicle (Fig. 17. Hb, t) for 
conversion into motile zoospores (Fig. 17, He; 1). Within 45 minutes after 
addition of the distilled water zoospores were observed swimming about in 
easily noticeable numbers; in 3 hours they were swarming abundantly 
throughout the irrigated preparation. Of the numerous sporangia a large 
proportion were now represented only by empty envelopes (Fig. 17, J, IX), 
each provided with an empty evacuation tube (Fig. 17, J, t; K. t). 

Zoospore development can readily be induced in the species, as in most 
econgeneric forms, by excising from maizemeal-agar or Lima-bean-agar plate 
cultures thin slabs well permeated with vigorous mycelium and transferring 
them to a thin layer of water. In such preparations sporangia and motile 
zoospores make their appearance in moderate numbers after about 24 hours, 
and with oceasional renewal of water will ordinarily continue to be formed 
in some quantity for several days. Since the conditions necessary for 
zoospore development are here constantly present, the sporangia fail to 
attain generally as large a size as in agar cultures devoid of free water; 
their transverse diameter varying usually from 8 to 23 (Fig. 17, L-S). 
While many are found in interealary positions (#ig. 17, L, M), others are 
produced subterminally on relatively slender branches, so that a terminal 
portion of the branch is borne somewhat like a distal appendage (Fig. 17, 
N, 0, P). Sometimes the distal portion of the supporting branch does not 
become delimited by a septum, and then will appear as a diverticulum of a 
terminal sporangium (Fie. 17, Q). In other instances not only the distal 
portion of the supporting branch but also 1 or 2 short lateral secondary 
branches are each cut off by a septum, and thus iikewise come to be borne 
on the subterminal sporangium as appendages (Fig. 17, R). Oevcasionally 
a sporangium is borne laterally on an axial filament (Fig. 17, 8). 

In sparingly irrigated material, where the sporangia are not deeply 
submerged and yet are adequately bathed in a thin layer of water so that 
the positional relationships to water and air are nearly everywhere favor- 
able for zoospore development, the evacuation tube usually is not extended 
beyond a length of 15 y, and sometimes not beyond a length of 10. How- 
ever, where local conditions are less favorable, it pushes out farther (Fig. 
17, I, t; Q, t), occasionally attaining a length of 100 y (Fig. 17, Q). For 
the most part it varies in width from 2.5 to5y. It is rather markedly ex- 
panded at the tip (Fig. 17, G, t; H, t) without, however, sharing the pro- 
nounced apical modification characteristic of the evacuation tube in Pythinm 


salpingophorum. After discharge of the sporangium its empty membrane 
in some instances widens noticeably near the orifice (Fig. 17, S,t). Much 


more often the membrane becomes reflexed at the tip (Fig. 17, Hb, t; I-K: 


t; N-R: t), though such eversion is absent here and there (Fig. 17, L, t; 
-M, te &. bt) 
The vesicle attached to the frequently reversed rim of the evacuation 
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tube is often, especially in its proximal portion, only faintly discernible. 
In any ease the film yields soon after the swarm of active zoospores formed 
within it begin their battering, whereas in most congenerie species the 
clearly visible bladder commonly resists the collective impact of the fully 
fledged swarm for a period of 5 to 8 minutes. Owing in large part to their 
less prolonged impoundage the zoospores of Pythium vexans are often liber- 
ated in 13 to 15 minutes after discharge of the sporangium, rather than 
after the more usual period of approximately 20 minutes. They swim about 
for some time, then come to rest and round up into subspherical cysts com- 
monly 6.8 to 9 4: in diameter (Fig. 17. T, a-o). They germinate, as a rule 
by putting forth a germ tube approximately 1.5 y wide (Fig. 17, U, a-d). 

Besides producing sporangia and zoospores, tracts of young mycelium 
in slabs excised from maizemeal or Lima-bean-agar plate cultures conve- 
niently give rise, on irrigation, to sexual reproductive apparatus in moder- 
ate quantity ; the softened substratum allowing patently normal development 
and still retaining enough firmness to hold all imbedded apparatus securely 
in place for close microscopical examination. As Braun pointed out, pair- 
ing of the sex elements takes place at a very early stage. Indeed, even when 
the young oogonium consists only of a terminal (Fig. 18, A, a) or subter- 
minal (Fig. 18, B, a) enlargement no more than 6 or 7 1 in width, which by 
itself would not yet be clearly distinguishable from miscellaneous enlarge- 
ments of vegetative character, it is often found rather extensively in contact 
with, or extensively enwrapped by a voung male complement constituted 
of a swollen hyphal termination (Fig. 18, B, b) or of such a termination 
together with a similarly swollen lateral branch (Fig. 18, A, b). Fre- 
quently the mycelial connection between oogonial stalk (Fig. 18, A-I: a) 
and antheridial branch (Fig. 18, A—I: b) is too remote to be traced with 
certainty amid the confusion of ramifving hyphae.. With about equal fre- 
queney, however, a connection between the paired elements is plainly evi- 
dent (Fig. 18, J-O). Sometimes the oogonial stalk (Fig. 18, J, a; K, a) 
arises from the same hypha as the antheridial branch (Fig. 18, J, b; K, b) ; 
sometimes it (Fig. 18, L, a) originates as a secondary ramification from the 
hypha directly bearing the antheridial stalk (Fig. 18, L, b); or, again, it 
(Fig. 18, M, a; N, a) provides the very familiar androgynous arrangement 
of parts in giving rise at a variable distance from the growing oogonium to 
an antheridial branch (Fig. 18, M, b; N, b) which to reach the place of 
union follows an arcuate course often considerably rangier (Fig. 18, N, b) 
than the course of the antheridial branch in monoclinous sexual apparatus in 
Pythium debaryanum. Remoteness with respect to mycelial eonnection 
and proximity with respect to position are combined ingeniously in instances 
where an axial hypha gives off, on the same side, 2 branches (Fig. 18, O, a, b) 
of which one (Fig. 18, O, a) bears plural oogonia (Fig. 18, O, w, x) that are 
supplied with antheridia borne on ramifications (Fig. 18, O, v, z) arising 
from the other (Fig. 18, O, b). In units of sexual apparatus developed 
directly in maizemeal-agar plate cultures prepared with a medium softer 
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Fic. 18. Immature units of sexual reproductive apparatus of Pythium vexans as 
found produced in soft, irrigated maizemeal agar (A—M) and in irrigated Lima-bean 
agar (N, O); drawn to a uniform magnification with the aid of a camera lucida; x 1000 
throughout. A-I. Young units without evident mycelial connection between the paired 
organs. J-—M. Young units each showing moderately close mycelial connection between 
the apposed organs. N, O. Units about ready for fertilization, each showing a somewhat 
remote mycelial connection between oogonium and antheridium. (a, hypha supporting 


oogonium; b, hypha supporting antheridium. ) 
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than the media commonly employed, the mycelial relationships of the con- 
jugating parts differ little from the relationships manifest in irrigated 
agar slabs. Where a mycelial connection can be made out, the 2 filamentous 
elements supporting the paired organs here likewise are often contributed 
by the same hypha (Fig. 19, A, a; Fig. 20, A) ; or the antheridial branch may 
arise from the oogonial stalk (Fig. 19, A, b; B—D; Fig. 20, B, C) ; or secondary 
and possible tertiary branching may be present in one if not in both of the 
supporting filamentous elements (Fig. 19, E; Fig. 20, D, E). And, natu- 
rally, in soft agar substratum much as in irrigated agar slabs, numerous 
units of sexual apparatus show no demonstrable mycelial connection (Fig. 
19, FI; Fig. 20, F, G). 

As in related species the oogonium develops into a subspherical body. 
It is often found attached more or less mesially to the end of a hyphal stalk 
which may be somewhat narrow not only during the earlier formative stages 
(Fig. 18, A, a; E,a; H,a;J,a) but also during later stages (Fig. 18, N, a; 
Fig. 19, C, D, F, H; Fig. 20, D), or, again, may be moderately stout (Fig. 
18, D, a; Fig. 19, B; Fig. 20, A). A more distinctive hyphal relationship 
frequently results when the oogonium grows out laterally a short though 
somewhat variable distance below the tip of the supporting filament (Fig. 
18, B,a; Cia; F, a; G,a;I1,a; K, a; L,a; M, a), so that a terminal portion 
of filament, usually about 10, long but occasionally measuring less than 
5u (Fig. 18, B, a; F, a; L, a) or more than 25 y (Fig. 18, K, a) in length, 
is borne on the young oogonium after the manner of an appendage. Owing 
to the circumstance that in soft, yielding substratum the lateral growth of 
the oogonium often pushes the distal element out of its earlier alignment into 
a position approximately at a right angle with the supporting element, the 
origin of the appendage as a termination of the supporting stalk is fre- 
quently obscured. When the female organ later comes to be delimited, the 
distal element is commonly cut off by a cross-wall (Fig. 18, O, x; Fig. 19, A, 
a,b; 1). However, where the distal element is very short, it often remains 
as a spur-like diverticulum (Fig. 20, D) continuous with the oogonium ; 
this organ thereby being left in a terminal position with a hyphal attachment 
similar to that of some oogonia having a subspherical shape devoid of 
marked modification (Fig. 20, G). Sometimes an oogonium develops in 
laterally intercalary position some distance from the tip of its supporting 
filament (Fig. 18, O, w). Frequently too, where the oogonium grows out 
laterally from a base so narrow that the spherical contour does not encroach 
on the supporting hypha, it becomes delimited as a sessile structure, or is 
borne terminally on a very short lateral branch (Fig. 19, E, G; Fig. 20, 

a, ©, BF). 

The oogonia of the fungus thus show not only the several relationships 
to the mycelium that were expressly ascribed by de Bary to the oogonia of 
Pythium vexans, but also the one relationship—attachment to the tip of a 
slender hypha—which Braun set forth as prevailing in P. complectens. 
Indeed the latter relationship is not wholly unrecorded in de Bary’s treat- 
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Fig. 19. Sexual reproductive apparatus of Pythium verans drawn with the aid of 
Petri-plate cultures prepared from maizemeal agar of only 
Two reproductive units—one (a) with imma- 
ture oospore, the other (b) with mature oospore whereof the apposed sex organs are 
supplied from a single parent filament. B—-E. Units of mature apparatus varying with 
respect to aggregate length of hyphal parts connecting oogonium with antheridium. F. 


the camera lucida from 
moderate firmness; « 1000 throughout. A. 
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ment of P. vexans ; for though not mentioned in his descriptive text, terminal 
attachment would seem to be represented in one of his figures (4: Taf. V, 
fig. 4). In my material the supporting hypha has shown no noteworthy 
tendency to widen markedly below the attachment of a terminally borne 
oogonium. Such widening appears to have been considered by Braun a 
feature that de Bary held characteristic of P. verans. Marked hyphal! 
widening immediately below the unipolar attachment of an oogonium borne 
mesially in alignment with its supporting filament, was figured by Butler as 
illustrative of the broad insertion of oogonium he deemed especially distine- 
tive of the species. Although de Bary’s words describing the oogonium 
as ‘‘theils selbst mit breiter Ansatzstelle eingeschaltet in die Continuitit des 
Schlauches, also, mit andern Worten, intercalar aber einseitig blasig vor- 
gewolbt,’’ unquestionably make reference to broad attachment, the breadth 
here in question relates to the basal dimension of a laterally mterealary 
oogonium, and consequently is to be measured lengthwise along, not trans- 
versely across, the supporting hypha. 

The enwrapment of the voung oogonium by the young antheridium, 
which, as has been mentioned, is observable in irrigated agar preparations 
at a very early stage, is shared in varying measure by the distal portions 
of the hyphae bearing the developing sex organs. Often the antheridial 
branch (Fig. 18, A, b; B, b; E, b; F. b; G, b; L, b) winds half way around 
the oogonial stalk before extending its widened termination along or about 
the young oogonium. In the case of subterminal, laterally interealary 
oogonia, the distal prolongation rather than the proximal supporting element 
is often enwrapped by, or interlocked with, the antheridial branch (Fig. 
18, C, b; F, b; M, b). Sometimes, again, the antheridial branch passes 
partly around the young oogonium before it engages with the oogonial 
stalk and extends its expanded termination over other regions of the globose 
body (Fig. 18, D, b). The close contact of oogonium and antheridium is 
maintained as both organs continue growing. While the oogonium merely 
rounds out into a more nearly spherical shape as it inereases in size, the 
antheridium usually elongates considerably and at the same time often 
‘amifies more or less (Fig. 18, C, b; D, b; F, b; G, b; H, b; I, b; K, b; 
L, b; M, b). Eventually when the oogonium has attained its full growth, 
and its readiness for fertilization is made manifest by shrinkage of its lumpy 
contents from the enveloping wall (Fig. 18, N; O, w, x), it may be found 
embraced by an antheridium consisting of 2 (Fig. 18, O, w), 3 (Fig. 18, O, 
x), or 4 (Fig. 18. N) curving finger-like branches measuring individually 5 
to 20 y in length and 2 to 4+ in width. 

Branching of the antheridium is both less frequent and less elaborate 
in Petri-plate cultures prepared from maizemeal agar somewhat firmer than 
irrigated agar slabs vet not so firm as most gelose media employed in labora- 
tories. Usually in such cultures antheridial branching is represented only 





Somewhat immature unit of sexual apparatus without visible mycelial connection between 
apposed organs. G-—I. Mature units of sexual apparatus, each contributed by a pair of 
hyphal elements without evident mycelial connection. 
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in simple dichotomy of the ypsiliform (Fig. 19, A, a), bilobate (Fig. 19, F), 
and biramous (Fig. 19, G) male organs that are observable in moderate 
numbers. Rather commonly the unbranched male cells here are of elongate 
saceate shape, perceptibly widened at the middle (Fig. 19, C, D, E, H, I; 
Fig. 20, B-F). They mostly vary in length from 15 to 30 and in width 
from 5 to 8 y; their thickness often being substantially less than their width. 
Many are applied their entire length to the oogonium; some of the longer 
ones thus enfolding more than one-third of the circumference of the globose 
body (Fig. 19, H, 1; Fig. 20,B). Contrasting with the numerous antheridia 
that by their longitudinal application from base to apex recall the homolo- 
gous organs of my Pythium helicoides (20, p. 412-414) and others which 
because of their application only along their distal half (Fig. 19, D, F; 
Fig. 20, F) invite comparison rather with the anteriorly applied antheridia 
occasionally tq be observed in my P. palingenes (23, p. 491, Fig. 8, C). 
Somewhat as in irrigated preparations, the antheridial branch in softish 
agar cultures is often found wound about the oogoniai stalk to the extent, 
as was noted earlier (18, p. 444), of a half turn or whole turn (Fig. 19, 
A,a,b;B;C;F;H; Fig. 20,B). Even where such involvement is absent, 
contact of the paired organs or, more especially, contact of thei proximal! 
parts, is often accompanied by some more haphazard sort of engagement 
between the supporting hyphal elements (Fig. 19, G, [; Fig. 20, C, D, E, G) ; 
although in other instances no interlocking of the supporting hyphae is evi- 
dent (Fig. 19, D, E; Fig. 20, A, F). 

In irrigated preparations the extensive enwrapment of the oogonium 
by the antheridium has apparently very little direct effect in modifying 
the outward form of either organ. Nor is conspicuous modification of 
shape evident in most units of sexual apparatus produced in rather soft 
maizemeal agar; though here an occasional oogonium may usually be found 
of which the envelope is broadly indented or flattened in the region of con- 
tact with the antheridium (Fig. 19, B; Fig. 20, C), so that it is brought 
snugly against the oospore wall in the region underlying the antheridium 
and usually also in the antipodal region. In Petri-plate cultures prepared 
with maizemeal agar of customary firmness, such flattening of the oogonium 
appears as a virtually constant character, and is commonly associated with 
malformation of the antheridium often so pronounced that this organ offers 
an appearance unknown among congeneri¢ species. The scope of deformity 
displayed in cultures prepared with hard agar is by no means exagverated 
in the assortment of misshapen male cells illustrated in Braun’s drawings 

8: Plate 5, B—D). While conveniently helpful in identifying the species, 
the bizarre conformation of such antheridia would seem perhaps more nearly 
a teratological feature than a character pertaining to normal morphology. 
Owing to the very early apposition of the male and female elements the 
antheridium in a somewhat unyielding ambient is necessarily subjected 
throughout the period of its growth to persistent pressure arising especially 


from the simultaneous expansion of the more massive oogonium; and thus 
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Fig. 20. Mature sexual reproductive apparatus of Pythium vexans drawn with the 
aid of a camera lucida from Petri-plate cultures prepared from maizemeal agar of only 
moderate firmness; x 1000 throughout. A-—E. Units of apparatus with obvious mycelial 
connection between oogonium and antheridium; the antheridium in A, of deep yellow 
coloration, being applied distally to the oogonium; the antheridium in B-E being empty 
and colorless and in a deceptive manner having its basal attachment spatially near the 
base of the oogonium. F, G. Units of sexual apparatus without evident mycelial connec- 
tion; the empty antheridium in either unit has its base some little distance from the base 
of the oogonium, but in G a short spur of the supporting branch helps to give somewhat 
the appearance of close monoclinous relationship. 
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is squeezed or constrained to grow into a flattened shape fitting the flattened 
or indented shape of the oogonium. In expanding jointly against the physi- 
cal resistance of the ambient, the general tendency is for the 2 apposed 
organs to assume shapes such that the combined unit of sexual apparatus 
will have a more or less subspherical compact form. As might be expected, 
the proximal portion of the antheridium is in many instances less affected 
by this tendeney than the median and distal portions. 

Although the bilobate ypsiliform antheridium figured by de Bary was 
mentioned as illustrating a male cell of unusual outward form, it yet pro- 
vides the most important clue whereby Braun’s geranium pathogen can be 
referred to Pythium verans. Among the members of the genus whose 
oogonia and oospores approach at all closely the measurements for diameter 
viven by de Bary, I have found such bilobate antheridia only in the par- 
ticular species here under consideration. Bilobate branching has been noted 
occasionally in P. helicoides and in P. palingenes (23, p. 491, Fig. 8, F; p. 
492) where the elongated antheridium is similarly applied lengthwise in its 
extensive enwrapment of the oogonium; but these 2 species, as also the 
allied P. oedochilum Drechsl. (23, p. 478-486), have cogonia and oospores 
conspicuously larger, not smaller, than those of P. debaryanum and P. 
uitimum. The antheridium of semicircular profile shown in one of de 
Bary’s figures (4: Taf. V, Fig. 3) is aptly illustrative of the usual appear- 
ance presented by the elongate antheridium of Braun’s fungus when it is 
applied in an equatorial region of the oogonium with its long axis oriented 
vertically or nearly vertically, that is, in a direction nearly parallel to the 
line of vision. The very close androgynous relationship figured by de Bary 
in 2 instanees (4: Taft. V, Fig. 3, lower right; Fig. 4), wherein the an- 
theridium is borne on a very short stalk arising from the oogonial hypha in 
immediate proximity to the oogonium, has not been recognized with certainty 
in my material. Quite frequently in mature reproductive apparatus the 
antheridium, because of the position of its basal septum, offered much the 
appearance of arising in such close monoclinous relationship; but in these 
instances wherever on careful scrutiny the hyphal connections could be 
accurately ascertained the male cell was found borne on a separate branch 
(Fig. 19, A, a,b; B; C; F; H; 1; Fig. 20, B-E). Neither has an immediate 
androgynous relationship been revealed unmistakabiy in young sexual 
apparatus (Fig. 18, A-M) where all parts are filled with living protoplasm 
and thus are most favorable for observation. Later, when the supporting 
hyphae have been evacuated, their thin, highly transparent membranous 
envelopes often become so faintly visible as to tax the capabilities of a good 
modern microscope with good illumination. Since, further, the tubular 
membranes near the base of the oogonium are often more or less intertwined 
or interlocked, optical difficulties intrude that would seem well beyond the 
capacities of the microscopes in use 65 years ago. In fine, regardless of 
whether the very close monoclinous relationship figured by de Bary is absent 
in Braun’s fungus, or whether it is perhaps occasionally present there, the 
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very frequent and persuasive simulation of such relationship in my cultures 
appears under the circumstances to provide sufficient resemblance for iden- 
tifying the fungus with P. vexans. 

The passageway through which the antheridial contents migrate into the 
oogonium is generally even more difficult to see than the hyphae supporting 
the sex organs. In my material it has been most clearly discernible when 
observed in profile view in ripened units of sexual apparatus wherein at 
least locally the oogonial envelope lay in contact with the oospore; the fer- 
tilization canal then appearing merely as an aperture, 1.5 to 1.9 y wide, in 
the oogonial envelope (Fig. 21, A, B). At maturity, the oospore, commonly 
12.5 to 16 in diameter and somewhat loosely contained in an oogonial 
envelope 16 to 21.5 y in diameter, reveals the unitary organization frequent 
among members of the genus; its wall, mostly 1 to 1.5 y thick, surrounding 
a finely granular layer of protoplasm which encloses a single reserve globule, 
usually 6 to 9 4, wide, as well as a single globose or slightly flattened refrin- 
gent body ordinarily 2.6 to 4 in diameter (Fig. 19. A, b; B—E; G-I; Fig. 
20, A-—G). In maizemeal-agar cultures 110 days old fully 9 out of 10 
oospores showed no change with respect to internal structure, though some 
few specimens now revealed 2 refringent bodies. Despite their inert be- 
havior in a stale ambient, the oospores, when transferred to a shallow layer 
of distilled water, germinated readily by production of zoospores. De Bary 
recognized the capacity of newly ripened oospores to germinate by the pro- 
duction of swarmers as a characteristic attribute of Pythium verans; and 
in my material likewise no extended resting period has been required for 
such development. Like the zoosporangia of mycelial origin among which 
they developed, oospores taken from maizemeal-agar cultures 40 days old 
produced swarm spores freely. Fairly abundant development of zoospores 
ensued also after irrigating oospores removed when the cultures were 110 
days old, and again when they were 150 days old. 

During the earlier stages of germinative development in an oosvore (Fig. 
21, A, C-E) the reserve globule changes from a spherical to a somewhat 
irregular shape, while at the same time the refringent body undergoes division 
into 4, 5, or 6 bodies appreciably smaller than their parent. Gradually the 
plural refringent bodies become less clearly recognizable, and before long 
are lost to view in their granular matrix. The reserve globule also loses 
some of its distinctness without, however, vanishing from sight. The inner 
layer of the oospore wall, which as a rule equals or slightly exceeds the outer 
layer in thickness, takes on more and more the appearance of the protoplasm 
bordering it, and finally merges indistinguishably with the granular mass. 
The persistent outer layer then dissolves in a cireular area 2.5 to 5 uw wide, 
permitting the protoplast to protrude against the oogonial envelope (Fig. 
21,F). This envelope likewise gives way, and the protrusion emerges exter- 
nally as a germ tube, except that in occasional instances an overlying an- 
theridium interposes an additional membranous barrier (Fig. 21,G). Often 
before it has attained a length of 25 uy. the germ tube forms a cap of dehis- 
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Fig. 21. Drawn with the aid of a camera lucida; x 1000 throughout. A-Y. Germi- 
nation of oospores of Pythium vexrans from maizemeal-agar plate cultures 5 months old. 
.A. Oospore showing modification in internal organization preliminary to germination; 
fertilization passage visible in profile view about 2 to left of septum delimiting the 
antheridium. B. Oospore that germinated without reducing the thickness of its wall; 
a structurally distinct sporangium within the oospore chamber has left its empty envelope 
continuous with the evacuation tube; showing also the fertilization passage in profile near 
the middle of the region covered by the antheridium. C-—E. Oospores revealing onset 
of germinative development in irregular outline of reserve globule and in presence of 
several refringent bodies. F. Oospore whose protoplast has assimilated a thick inner 
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cence, which yields to permit migration of the protoplasmic materials (Fig. 
21, H) into a terminal vesicle where they are fashioned into zoospores. 
After the zoospores have been liberated the rim of the empty evacuation 
tube is usually found reflexed (Fig. 21, B, t; I-L: t) much as in sporangia 
of mycelial origin. Usually when the evacuation tube is followed backward 
it is found to be continuous with the persistent outer layer of the oospore 
wall (Fig. 21, I-K). Now and then, however, it appears to be continuous 
instead with a separate sporangial envelope either nested within the fre- 
quently somewhat irregular contour of the yellowish residual layer (Fig. 
21, L:) or, in the occasional instances where the inner layer has not been 
digested, nested within the undiminished oospore wall (Fig. 21, B). 

Apart from the type of oospore germination wherein the rather broad 
germ hypha functions directly as an evacuation tube—a type already 
ascribed to Pythium vexans by de Bary—germination in my irrigated 
preparations has often taken place by the emission from the individual 
oospore of a somewhat narrower germ hypha that fulfills its funetion by 
bearing at its tip a sporangium into which the entire protoplasmic contents 





are received (Fig. 21, M,N). This sporangium not uncommonly is of citri- 
form shape, being often provided at the apex with a short protuberance or 
beak rather suggestive of the prominent papilla familiar especially in certain 
species of Phytophthora, as, for example, P. cactorum (Lebert & Cohn) 
Schroeter. The beak represents an incipient evacuation tube, which fre- 
quently, after some slight elongation, yields at the apex to permit the granu- 
lar contents to migrate into a terminal vesicle for transformation into zoo- 
the rim of the empty tubular membrane becoming reflexed (Fig. 21, 
Q, t) in the manner usual for the species. The length of the sporangiferous 
germ hypha varies usually from 10 to 50 y (Fig. 21, M—O), yet sometimes it 
exceeds 100. In many instances, however, similar germinative develop- 


S} Ores: 
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ment takes place without any germ hypha being extended at all; the spo- 
rangium (Fig. 21, P—U) here being formed sessile on the oogonium in such 
wise that after evacuation its membrane is found directly continuous with 
the residual outer layer of the oospore wall nested within the oogonial en- 
velope, though its basal septum, which usually is found in approximate 
alignment with the spherical oogonial contour, separates its empty chamber 


layer of the wall and has pushed a protrusion through an opening in the outer layer 
against the oogonial envelope. G. Oospore whose germ tube has broken through the 
oogonial envelope and is pushing against the farther wall of the overlying antheridium. 
H. Granular contents of oospore migrating into a vesicle through an evacuation tube con- 
spicuously widened in the space between the oospore wall and the oogonial envelope. I-L. 
Empty membranous envelopes left behind after escape of swarm spores brought into being 
following direct conversion of oospore into a zoosporangium. M, N. Oospores, each of 
which has germinated by producing a sporangium at the tip of a germ hypha. O. Oospore 
that produced a sporangium on a germ hypha; the sporangium later becoming evacuated 
in giving rise to zoospores. P—T. Oospores, each of which produced a sporangium sessile 
on the oogonial envelope; the sporangium then becoming evacuated in giving rise tO zoo- 
spores. U. Oospore that gave rise within the empty overlying antheridium to a sporan- 
gium which subsequently became evacuated in producing swarm spores. V. Oospore with 
germ hypha apparently of vegetative character. W-Y. Zoospores illustrating stages in 
the emergence of a secondary motile swarmer. Z. Hypha of P. vexans, a, attacked by 
branches of Aphanomyces cladogamus (spinach strain), b. (t, evacuation tube.) 
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from the equally empty chamber of the oospore. When fully grown such 
sessile sporangia, like those borne on germ hyphae, are often provided indi- 
vidually with a distal beak, which, again, usually on meager elongation, 
functions in conveying the protoplasmic contents into a terminal vesicle, 
and thereafter appears as a short membranous tubulure with reflexed rim 
(Fig. 21, P, t; R, t; S, t). Sometimes an empty reflexed evacuation tube 
arising from the distal end of a sporangial envelope measures more than 
20 uy in length (Fig. 21, T, t); wherefore it is evident that the apical beak 
may elongate rather considerably before serving in discharge of the sporan- 
cium. On the other hand, the beak occasionally undergoes no elongation 
and takes no part in dehiscence; discharge then being effected by means of 
an evacuation tube having a separate origin (Fig. 21, Q, t). Now and then 
the germ hypha, after having forced its way through the oogonial envelope 
or grown through the fertilization canal, enters the empty chamber of the 
antheridium to produce there a terminal sporangium which consequently 
has to thrust its evacuation tube (Fig. 21, U, t) through the antheridial mem- 
brane to form a vesicle outside. Extension of a germ tube beyond a length 
of 50 y or 75 uw (Fig. 21, V) often betokens the beginning of mycelial growth 
and incapacity for immediate development of zoospores. The swarm spores 
produced in the germination of oospores agree morphologically with those 
produced from sporangia of mycelial origin; and it seems wholly fortuitous 
that protrusion of a papilla by encysted zoospores (Fig. 21, W, X) pre- 
liminary to emergence of the protoplast (Fig. 21, Y) in the repetitional 
development of a second swimming generation, has so far come under my 
observation only in some irrigated preparations containing swarm spores 
that originated exclusively from oospores. 

The frequency of an apiculate shape among sporangia produced from 
oospores would seem related to their habitually terminal development either 
on the tip of a germ hypha or directly on the oogonial envelope. Sporangia 
of similar conformation are found borne terminally also in maizemeal-agar 
cultures and irrigated preparations but there invite little attention, being 
often greatly outnumbered by sporangia or conidia of generally subspheri- 
cal shape that oceur in intercalary or subterminal positional relationships. 
The apiculate sporangia of the fungus contribute to the parallelism with 
Pythium helicoides and P. palingenes shown more especially in its fre- 
quently elongated clasping antheridia. This parallelism is sustained further 
in the tendency of the sexual apparatus to take on a peculiar deep yellow 
coloration distinguishable from the yellowish coloration widely prevalent 
among species of Pythium, not only by its greater intensity but also by its 
different distribution. For while in P. vexans, as in nearly all congeneric 
forms, the ordinary vellowish coloration is econeentrated mainly in the 
oospore wall, the more unusual coloration most often pervades the interior 
of the antheridium, giving this organ an appearance as if it were filled with 

_vellow, translucent, homogeneous or faintly granular material (Fig. 20, A). 
though the presence of a mature oospore of correct internal organization 
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Fig. 22. Antagonistic and parasitic relationships; drawn with the aid of a camera 
lucida; x 1000 throughout. A. Hypha of Pythium vexans, a, attacked by ramifications of 
Pythium acanthicum, b. B. Hypha of Pythium undulatum Petersen sensu Dissmann, a, 
attacked by ramifications from filaments of Plectospira myriandra, bande. ©, D. Hyphae 
of Pythium undulatum Petersen sensu Dissmann, a, attacked by ramifications of Pythium 
oligandrum, b. E-H. Hyphae of Pythium undulatum Petersen sensu Dissmann, a, at- 
tacked by Pythium acanthicum, b. I. Hypha of Pythium undulatum Petersen sensu Diss- 
mann, a, attacked by Pythium periplocum, b. 
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may give ample proof of effective fertilization. Often the same coloration 
likewise permeates thoroughly the space between the oogonial envelope and 
the oospore. In P. vexans, as in P. helicoides and P. palingenes, such colora- 
tion, if of moderate intensity, is not usually concomitant with perceptible 
abnormality of structure; yet when widespread degeneration of sexual 
apparatus occurs in these 3 species, it is often accompanied by intense 
coloration. Whatever the nature of the coloration mav be, its development 
in P. verans, together with resemblances in antheridia and. sporangia, sug- 
gests that the fungus may perhaps be somewhat more closely related to the 
helicoides series than most of the numerous congeneric forms similarly hav- 
ing nonproliferous sporangia and oospores of unitary internal organization. 

The species, as was noted, has been isolated from diseolored tomato root- 
lets, and thus is known to occur on the same host as the saprolegniaceous 
form I have described as Plectospira myriandra (15). When it is grown 
in maizemeal-agar plate cultures in opposition to that water mold its advance 
is halted abruptly at the line of encounter, its individual hyphae (Fig. 16, 
C, a) being made to degenerate internally soon after they have become 
elaborately invested by short branches extended from the main filaments of 
the opponent mycelium (Fig. 16, C,b). Likewise when it is grown in oppo- 
sition to the saprolegniaceous root-rot fungus Aphanomyces cladogamus, 
with which it shares common host relationships through its known occur 
rence in roots of tomatoes, spinach, and pansies, its mycelial advance is 
abruptly halted at the line of encounter, and its hyphae at the forefront 
(Fig. 21, Z, a) suffer visible degeneration promptly after they have been 
enwrapped by elaborately ramifying branches from filaments of the water 
mold (Fig. 21, Z,b). Growing in the presence of Pythium periplocum the 
species often shows markedly varied behavior in different portions of the 
same Petri-plate culture. In some regions many of its hyphae (Fig. 16, 
D, a) may become extensively if somewhat loosely invested by irregular 
branches arising from the filaments (Fig. 16, D, b) of the spiny form, and 
then suffer invasion by assimilative elements intruded into them. In other 
regions its hyphae not only remain wholly unharmed but are found bearing 
rather massive appressoria (Fig. 16, E, a; F, a), each of them affixed apically 
to a periplocum filament (Fig. 16, E, b; F, b); a short, frequently lobate 
protrusion which extends from the tip of the appressorium into a thick 
deposit of golden yellow substance within the filament indicating that inva- 
sion was stopped by secretion of a defensive barrier. When the species is 
grown in Petri-plate cultures in opposition to Pythium acanthicum. many of 
its hyphae (Fig. 16, G, a; Fig. 22, A, a) along the zone of encounter become 
enveloped by intricately ramifying branches of the echinulate fungus (Fig. 
16, G, b; Fig. 22, A, b). The injury sustained appears usually not very 
serious, for although some of the invested filaments suffer internal degenera- 
tion while others in addition are invaded by assimilative elements, envelop 


nient in numerous instances seems not to result in any abnormal changes. 
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PYTHIUM ANANDRUM 


Since the descriptive account (20, p. 415-420) supplementary to the 
original diagnosis (17, p. 410-411) of Pythium anandrum was written, the 
fungus has been isolated by Hickman (28) from strawberry (/ragaria sp.) 
roots received from Scotland, and, besides, has been made known by Mid- 
dleton (54) as occurring in the United States on cucumber fruits, bean 
roots, and spinach roots. In view of the wider host range and more exten- 
sive geographical distribution thus disclosed, it is of moment that the main 
difficulty hitherto experienced in trustworthy identification of the fungus— 
the difficulty of obtaining the papillate zoosporangia distinctive of the species 
through irrigation of young mycelium—<«an be circumvented advautageously, 
if the occasion is not too pressing, by using, instead of young mycelium, the 
parthenospores always abundantly formed in maizemeal-agar cultures. 
Structurally separate zoosporangia of the sort most helpful in making de- 
terminations are commonly formed in ample quantity by germinating par- 
thenospores even though many parthenospores dispense with tlie develop- 
ment of such bodies in giving rise to swarmers. The behavior of the fungus 
in the laboratory suggests that under natural conditions P. anandrum may 
very probably produce its zoospores in larger measure in the germination 
of its parthenospores than from its sporangia of mycelial origin. 

On transfer to a shallow layer of water, parthenospores of Pythiwm 
anandrum taken from a maizemeal-agar plate culture 11 days after planting, 
that is, only a few days after they had achieved the unitary internal organi- 
zation of maturity, showed germination in seattered instances. When the 
cultures were 90 days old, nearly all of the parthenospores germinated on 
similar treatment, with few exceptions giving rise to swarm spores. In the 
earliest recognizable stage of germinative development, 2 (Fig. 23, A) to 
4 (Fig. 24, A) refringent bodies, evidently derived by division of the single 
refringent body present earlier, may be seen in the finely granular parietal 
layer of protoplasm. The reserve globule, which during the resting period 
has an accurately spherical boundary, now shows a noticeably irregular con- 
tour; and the inner layer of the oospore wall, embracing about two-thirds 
of the thickness of this envelope, reveals closely arranged radial linear mark- 
ings (Fig. 23, A). Through further change the inner layer of the wall 
gradually becomes indistinguishable from the granular layer in contact with 
it (Fig. 23, B), and soon its substance amalgamates with the protoplast, 
which thus becomes expanded to reach the persistent outer layer of the wall. 
This outer layer dissolves in a round area 2.5 to 8 wide, permitting the 
protoplast to protrude against the oogonial envelope. When the oogonial 
envelope likewise gives way locally, the protrusion pushes out as a germ 
hypha (Fig. 23, C, t; Fig. 24, B, t; C, t). Germ tubes destined to function 
directly as evacuation tubes grow out, often with abrupt changes in direc- 
tion, to a length of 10 to 65) and at a width varying commonly from 4.5 
to 6.5 (Fig. 23, D-G: t; Fig. 24, D, t; E, t), though here and there some 
may expand locally to a width of approximately 10 (Fig. 23, G, t; Fig. 
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Fie. 23. Germination of parthenospores of Pythium anandrum from maizemeal-agar 
cultures 3 months old; drawn with the aid of a camera lucida; x 1000! A, B. Partheno- 
spores showing onset of germinative development in assimilation by protoplast of inner 


layer of wall, in irregular outline of reserve globule, and in presence of plural refringent 
bodies. CC. Parthenospore that has resorbed inner layer of wall and extended a germ tube 
through oogonial envelope. 1D. Parthenospore that has discharged its contents by way 
of a long evacuation tube into a vesicle which has disappeared; the resulting zoospores 
having encysted in place. E-I. Membranous envelopes left behind after escape of the 


zoospores formed through conversion of parthenospores directly into sporangia. J. Par- 
thenospore, a, that has produced a sporangium, b, sessile on the oogonial envelope. K, L. 
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24, E, t). A very small parthenospore measuring approximately 12 in 
diameter may produce an evacuation tube searcely 5, long and 3 wide 
(Fig. 23, H, t; I, t). In the vesicle formed apically when the protoplasmic 
contents of so small an oospore flow through the minute evacuation tube only 
2 zoospores are fashioned. The granular materials from an oospore 27 y in 
diameter (Fig. 23, D) are sufficient for about 12 swarmers. As many as 15 
or 16 zoospores have been produced in the largest parthenospores, which 
measure 29 1 or 30 yy, in mean diameter (Fig. 23, G; Fig. 24, E). Individual- 
ization of the motile spores always takes place within a vesicle after the 
manner usual in the genus. If from lack of water the vesicle disintegrates 
sumewhat prematurely the developing zoospores often eneyst in irregular 
shapes to form a cluster near the open end of the evacuation tube (Fig. 
23, D). 

The parthenospores of Pythiuwm anandrum, like the homologous repro- 
ductive bodies of P. salpingophorum and P. vexrans, give rise to swarmers 
not only by becoming directly transformed into zoosporangia, but also, as 
has been intimated, by producing sporangia structurally distinct from them- 
selves. In instances of the latter type of germinative development the germ 
hypha may attain a length exceeding 200 : before its tip begins to expand 
in initiating the formation of a terminal apically papillate elongated-ellip- 
soidal sporangium which receives all or very nearly all the protoplasmic 
content of the parthenospore before it is delimited -by a basal septum. 
Where the layer of water is kept shallow, so that deep immersion is avoided, 
the sporangiferous germ hyphae only oceasionally will exceed 100) in 
length (Fig. 24, F), and most often will measure less than 75 in this 
dimension (Fig. 24, G). They commonly vary in width from 3 to 5.5 u 
(Fig. 23, K, L; Fig. 24, F, G) and thus are appreciably narrower, besides 
being less irregular in course, than germ hyphae destined to operate as 
evacuation tubes. In meagerly irrigated preparations a special sporangifer- 
ous hypha is frequently dispensed with altogether, as the germ tube here 
often widens immediately after pushing through the oogonial envelope (Fig. 
23, J,a) and forms a sessile sporangium (Fig. 23, J, b) delimited at the base 
by a septum flush with the parthenospore membrane. A sporangiferous 
hypha may not be formed even where the germ tube elongates as a stout 
filament for some distance outside of the oogonial envelope. since the basal 
septum delimiting the sporangium is sometimes laid down as a broad convex 
partition within the chamber of the parthenospore (Fig. 24, H). At times 
a germ tube that elongated externally as a filament only for a few microns 
may nevertheless furnish a recognizable. if short, supporting stalk (Fig. 


Parthenospores, a, of which each produced a sporangium, b, at the end of a germ hypha; 
the sporangia later becoming evacuated in giving rise to swarm spores. M-—P. Encysted 
zoospores. Q-S. Encysted zoospores, showing different stages in production of an evacu- 
ation tube for emission of a secondary motile swarmspore. T-Z. Empty cyst envelopes 
left behind after escape of a secondary motile zoospore from each. AA. Membranous 
envelopes evidencing production by encysted zoospore, a, of a minute zoosporangium, b, 
at the tip of a germ tube; the sporangium then having produced a secondary motile swarm 
spore. (t, evacuation tube.) 
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Fie. 24. Germination of parthenospores of Pythium anandrum from maizemeal-agar 
‘ plate cultures 3 months old; drawn with the aid of a camera lucida; x 1000. A. Partheno- 
spore showing onset of germinative development in assimilation by the protoplast of inner 
layer of wall, in irregular outline of reserve globule, and in presence of plural refringent 
bodies. B,C. Parthenospores that have resorbed an inner layer of wall and extended a 
germ tube through oogonial envelope. D, E. Membranous envelopes left behind after 
escape of zoospores formed through conversion of parthenospores directly into sporangia. 
I’, G. Parthenospores, a, each of which has produced a sporangium, b, at the end of a germ 
hypha; the germ hypha in G emerging from one of the oogonial spines. H. Partheno- 
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24, 1) ; whereas at other times a germ tube that elongated externally as a 
filament for fully 10 before widening may come to constitute the con- 
stricted median portion of a dumbbell-shaped sporangium one of whose ex- 
panded parts is deeply nested within the chamber of the parthenospore (Fig. 
24, J, a), while the other occupies a position corresponding to the usual 
position of a stalked sporangium (Fig. 24, J, b). In instances of such 
partly endogenous origin of the germ sporangium, the obvious separateness 
of the sporangial wall from the parthenospore membrane suggests that 
where the empty evacuation tube in P. verans is found continuous with a 
separate membranous envelope deeply inserted into the chamber of the 
oospore (Fig. 21, B, L), formation of swarm spores came about by develop- 
ment of a wholly endogenous sporangium rather than through direct conver- 
sion of the oospore into a sporangium. 

Germ sporangia, when borne terminally on germ hyphae (Fig. 24, F, b; 
G, b) or sessile on oogonia (Fig. 23, J, b), correspond well in their gen- 
erally ellipsoidal and distally papillate shape to the sporangia of mycelial 
origin that were described earlier. While the apical papilla here likewise 
often forms a cap of dehiscence directly, so that the vesicle into which the 
protoplasmic materials migrate is often sessile on the sporangium, numerous 
instances came to light in which the papilla elongated materially before 
discharge took place (Fig. 23, J, t; Fig. 24, G,t). Consequently the empty 
sporangial envelope was often found extended distally into an evacuation 
tube varying mostly from 1 to 10: in length (Fig. 23, K, t; L, t; Fig. 24 
I,t;J,t). Sometimes, though less frequently than in Pythium vexans, the 
evacuation tube was found in a position apart from the apical papilla. Pro- 
liferous development of sporangia, such as takes place rather sparingly 
when young mycelium in agar slabs is irrigated, has never been cbserved in 
the germination of parthenospores. Lack of renewed sporangial growth here 
has sufficient explanation in the limited volume of the parthenospore; for 
even when a relatively large specimen contributes its entire contents, the 
resulting sporangium is vet substantially smaller than the average sporan- 
gium of mycelial origin. Nor have parthenospores ever been observed giv- 
ing rise to plural sporangia on separate germ hyphae. 

It is not evident that the zoospores brought into being through germina- 
tion of parthenospores differ from those produced after appropriate irriga- 
tion of young mycelium. In a random assortment of encysted individuals 
(Fig. 23, M—P; Fig. 24, K-S) some may usually be found to measure only 
10 4, in diameter (Fig. 23, N, P; Fig. 24, K). Smaller size of cysts is some- 
times partly attributable to prevalence of repetitional development. Most 
frequently such development is initiated by the cyst through extension of an 


spore, a, that has produced a sporangium, b, partly inserted into the chamber of the par- 
thenospore envelope. I. Parthenospore, a, that has produced a sporangium, b, on a very 
short stalk; the sporangium later having become evacuated in giving rise to swarm spores. 
J. Parthenospore, a, that produced a sporangium, ), with a basal part deeply nested within 
the parthenospore envelope; the whole sporangium having become evacuated in giving 
rise to zoospores. K-S. Eneysted zoospores. T-V. Empty cyst envelopes left behind 
after escape of a motile secondary zoospore from each. (t, evacuation tube.) 
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Fic. 25. Pythium anandrum attacked by other oomycetes; drawn with the aid of a 
eamera lucida; x 1000 throughout. A. Pythium anandrum, a, attacked by Pythium oligan 
drum, b,¢e, d. B,C. Pythium anandrum, a, attacked by Pythium acanthicum, b. D, E. 
Hyphae of Pythium anandrum invaded by Pythium acanthicum. F, G. Pythium anan- 
drum, a, attacked by Pythium periplocum, b. H, I. Pythium anandrum, a, attacked by 
Plectospira myriandra,b. J, K. Pythium anandrum, a, attacked by Aphanomyces clado- 
gamus (pansy strain), b. 
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evacuation tube (Fig. 23, Q-S) 1.8 to 10, long and 2 to 4, wide. The 
empty cyst envelope left after the secondary zoospore escapes from the small 
terminal vesicle shows considerable variation with respect to the length, 
width, and shape of the open membranous tube (Fig. 23, T-Z; Fig. 24, 
T-V). Empty membranous envelopes (Fig. 23, AA) were occasionally 
observed that supplied evidence of less direct repetitional development ; 
the primary zoospore (Fig. 23, AA, a) in each instanee having manifestly 
given rise on the tip of a germ tube to a small sporangium (Fig. 23, AA, b) 
which then extended an evacuation tube to permit escape of the contents 
into a terminal vesicle for transformation into a secondary swarmer. 

When Pythium anandrum is grown in maizemeal-agar plate cultures in 
opposition to P. oligandrum, its mycelial advance is halted at the zone of 
encounter, and along this zone many of its hyphae become loosely enwrapped 
with hyphae and branches of the more delicate spiny form. Such enwrap- 
ment is usually soon followed by visible degeneration of protoplasmic con- 
tents. Some of the invested filaments (Fig. 25, A, a) further undergo 
invasion lengthwise by numerous assimilative elements intruded here and 
there by branches and diverticula arising from oligandrum filaments (Fig. 
25, A, b-d). When the fungus is grown in opposition to P. acanthicum 
its mycelium is likewise halted at the zone of encounter; its hyphae at the 
forefront (Fig. 25, B, a; C, a) again becoming abundantly enveloped by 
intricately ramifying branches of the less robust echinulate species (Fig. 
25, B,b; C,b). Many of the enveloped hyphae rupture near the tip, releas- 
ing considerable quantities of protoplasmic material. In any ease the 
hyphal contents soon take on the somewhat opaque appearance associated 
with degeneration (Fig. 25, B, a). Often, besides, the enveloped hyphae 
are invaded by irregularly ramifying assimilative elements (Fig. 25, C, a; 
D; E) which after appropriating the granular materials will frequently 
push out through the confining membrane to extend the infection, if possible. 
to neighboring hyphae. Similar injury is sustained by P. anandrum when 
it is grown in opposition to P. periplocum. Along the zone of encounter its 
hyphae (Fig. 25, F, a; G, a) are promptly arrested in their growth as they 
are beset by intricate ramifications extended from the periplocum filaments. 
The hyphae attacked soon take on a darkish appearance; their degenerating 
protoplasm in many instances being appropriated by assimilative branches 
invading them longitudinally (Fig. 25, F,G). When P. anandrum is grown 
in opposition to Plectospira myriandra, its mycelial advanee, again, is 
abruptly halted at the zone of encounter. Its hyphae (Fig. 25, H, a; I, a) 
at the forefront become enveloped by ramifications put forth from filaments 
of the saprolegniaceous fungus (Fig. 25, H, b; I, b). Such envelopment 
is regularly followed by internal degeneration, and oiten also by invasion 
with assimilative branches. Under similar conditions the related Aphano- 
myces cladogamus likewise arrests the mycelial advance of P. anandrum at 
the zone of encounter; many of the Pythium hyphae (Fig. 25, J, a; K, a) 
soon becoming enwrapped by branches extending from Aphanomyces fila- 
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ments (Fig. 25,J,b; Kk, b). The enwrapped portions of hyphae degenerate 
internally, and frequently, moreover, undergo invasion by assimilative 


branches of the saprolegniaceous species. 


PYTHIUM UNDULATUM PETERSEN SENSU DISSMANN 


In the well-known account of Danish fresh-water phycomycetes published 
by Petersen in 1909 (87) and again in 1910 (38) this author describes as a 
new species under the binomial Pythium undulatum a fungus he had found 
iving especially on the leaves and petioles of both the white waterlily, 
Nymphaea alba l., and the European vellow pondlily, Nuphar luteum (1.) 
Sibth. and Smith, though occasionally occurring also on the buds of these 
aquatic phanerogams and on old fruits of iris as well as on branches of 
trees. Its extramatrical mycelium was set forth as consisting of un- 
branched, more or less undulating hyphae, often several millimeters long 
and 3 to 64 wide. To the species were ascribed terminal (rarely lateral) 
‘llipsoidal sporangia, about 130 y long and 50 «1 wide, which sometimes were 
provided with a small apical papilla. The sporangia were stated to open at 
the apex, sometimes with a papilla; no explanation being given, however, as 
to whether the papilla was always operative in dehiscence when it was pres- 
ent, or by what means dehiscence was accomplished when it was absent. 
Laterally biciliate zoospores similar to those of Pythiwm, it was asserted, 
issued forth, measuring 15 to 20, in length presumably while in their 
motile condition rather than after their encystment. Despite the phrase 
‘‘in vesica ut in Pythio,’’ the sequence in which the descriptive details are 
given leaves uncertainty, as Blackwell, Waterhouse, and Thompson (7, p. 
154) have justly intimated, whether the zoospores are really fashioned within 
a Pythium vesicle, or whether, as sometimes happens among species of Phy- 
tophthora, they are surrounded for a very short time in a highly evanescent 
vesicle after being discharged from the sporangium in a full-fledged state. 
After escape of the zoospores new sporangia are sometimes formed within 
the old ones, while at other times the supporting hypha produces a sporan- 
vium after growing lengthwise through the empty envelope. The proto- 
plasm was characterized as refractive, and the membranes of the hyphae 
as more or less brownish. Of the several sporangia shown in Petersen’s 4 
relevant drawings, 2 are filled with contents and show an apical protuber- 
ance that might represent either a very prominent sessile papilla or a short 
evacuation tube (37: Fig. VIII, a (right) ; d) ; one of these two being borne 
at the tip of a hypha in a group with 2 empty sporangial envelopes (37: 
Fig. VIII, a, top, left) which reveal distally a recognizably narrowed pro- 
longation of the membrane as if a short evacuation tube, not a sessile papilla, 
had been operative in discharge. However, no similar narrowed prolonga- 
tion is evident in the illustrations of 2 other sporangial envelopes (37: Fig. 
IX), neither of which assuredly could at any stage have been continuous 
‘with an evacuation tube. From the scale of magnification indicated for 
them the 2 distally unmodified empty envelopes would seem to have dimen- 
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sions most extraordinary for sporangia of such ellipsoidal type; the larger 
one appearing to measure about 240 , in length, 70; in greatest transverse 
diameter, and 28 , in width of apical opening. 

Even if these extraordinary dimensional values are disregarded, so that 
only the measurements given in the diagnosis are left for consideration, the 
large size of the ellipsoidal sporangia appears to be the most distinctive 
character presented in the original account of Pythium undulatum. Despite 
wide variability in size resulting from differences in environal conditions, 
ellipsoidal sporangia 130; long and 50, wide are not often encountered 
among species of Pythium. In most representatives of the genus—certainly 
in most of those commonly found in a terrestrial habitat—the tendency 
toward moderation in volume of the sporangium appears fairly pronounced ; 
somewhat extensive swollen branching systems in luxuriant irrigated mate- 
rial of P. Butleri, for example, often becoming divided by a dozen eross- 
walls to no other end, apparently, than to lessen the size of the individual] 
reproductive units. It is true, Apinis (1) ascribed elongated oval sporangia, 
50 to 167 u long and 20 to 50 : wide, to a submerse fungus that he held refer- 
able to Petersen’s species; but he transferred this species to Pythiomorphe 
presumably because in his material the zoospores were formed directly 
within the sporangia. Matthews (32, p. 69-71) somewhat doubtfully recog- 
nized Pythium undulatum in a fungus isolated from soil in North Carolina 
which when grown on hemp seeds in distilled water produces proliferous 
cylindrical sporangia, 25 to 55, long and 15 to 18 1 wide, that evidently 
discharge their contents into a vesicle for transformation into zoospores. 
Narrowly ovoid proliferous sporangia, likewise functional in asexual repro- 
duction typical of Pythium, but of even smaller size than those of Matthews 
—their length usually varying from 40 to 45 uy, and their width from 12 to 
15 ,;—-were produced by an aquatic fungus that Sparrow (40, p. 299-300) 
discussed at first hand under the binomial! contributed by Petersen. Work- 
ing in Denmark a quarter of a century after Petersen, Lund (21, p. 48-51) 
applied the binomials Pythiomorpha undulata and Pythium undulatum to 
things he regarded as separate: Apinis’ species being recognized in a fungus 
which he isolated from various natura! substrata—plant remains, Sphagnum. 
soil, sand, twigs (ineluding Picea twigs). roots of Salix repens L.—and 
which formed zoospores directly within terminal sporangia usually oval in 
shape, 45 to 117 : long, 35 to 43 y wide, frequently 70 y long and 40 y wide; 
while Petersen’s species was doubtfully recognized once in a sporangium of 
similar morphology that bore at its mouth a vesicle in which zoospores were 
lying. Despite the meagerness of the material that provided Lund’s momen- 
tary experience ostensibly with Pythiuimn undulatum, his view that members 
of 2 different genera have come to share the specific epithet wundulatum given 
by Petersen seems amply justified. This view is reflected in Sparrow’s (41. 
p. 707) recent treatment of Pythiomorpha undulata as a phyeomycete dis- 
tinct from Pythium undulatum; the widely divergent usage with respect to 
the epithet having somewhat earlier been reviewed by Blackwell, Waterhouse, 
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Fie. 26. Mycelium of Pythium undulatum Petersen sensu Dissmann as found in a 
2-dav-old maizemeal-agar plate culture; photomicropraphs; magnification in A about 
240, in B about x 120. 
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and Thompson (7) in their elucidation of the evident synonymy of Pythio- 
morpha (including Pythiomorpha undulata as understood by Apinis and 
Lund) with Phytophthora. 

If ellipsoidal proliferous sporangia approximately of the extraordinary 
dimensions given in the original diagnosis of Pythium wndulatum were to 
be found usual and characteristic for some one particular species—prefer- 
ably for a species in which undifferentiated protoplasmic contents are deliv- 
ered into a vesicle and then are fashioned into motile zoospores—no serious 
misgivings could be entertained with respect to the correct application of 
the binomial. Although the relevant literature does not offer any com- 
pletely satisfactory metric agreement, a rather likely application of the 
binomial is given in Dissmann’s (13) account of 2 Pythium species he iso- 
lated from prematurely discolored, vellowing leaves of waterlily (Nymphaea 
candida Presl.) plants that grew abundantly in an artificial pond near 
Hirschberg in Bohemia; both species, therefore, being similar to Petersen’s 
in regard to their host relationship and their aquatic habitat. In peptone- 
saccharose solution the fungus Dissmann identified as Pythium uwndulatum 
produced a mycelium with hyphae up to 6 or 8 y in width; in pea decoction 
its mycelium branched more irregularly and grew more delicately by extend- 
ing hyphae often only 3 to 44, wide. The sporangia obtained by trans- 
ferring mycelium from a liquid culture to water varied greatly in size 
with changes in the concentration of the nutrient solutions employed: a 
solution containing from 0.5 to 1.0 per cent of peptone yielded sporangia 
30 to 40 1, long, whereas a 1.0 per cent solution yielded sporangia 40 to 76 u 
in length. Use of a 0.6 per cent haemoglobin solution resulted in production 
of sporangia up to 60 long. When the fungus was transferred to unmodi- 
fied pond water after being grown in pond water containing 5 per cent of 
maltose it produced sporangia up to 804 long. On transfer to unmodified 
pond water, mycelium that was grown in pond water fortified with water- 
lily-leaf decoction gave rise to very large sporangia, with an occasional indi- 
vidual measuring up to 120 uy or 140, in length—dimensional values close 
to those found in material developed under natural conditions. In a figure 
(13: Fig. 1) showing zoosporangia drawn as they were found occurring 
naturally in a mixture on waterlily leaves, those ascribed to Pythium undu- 
latum (13: Fig. 1, a)—all represented by empty envelopes borne on a single 
ramified trunk—appear from the scale of magnification to range in length 
from 60 to 150. None of these envelopes shows any narrow prolongation 
at the open distal end. Their general appearance suggests that discharge 





must have been accomplished by means of a sessile cap of dehiscence rather 
than by means of an evacuation tube. In the multiple nesting of empty 
sporangia illustrated in the figure some of the inner envelopes terminate so 
far within the outer envelope that formation of a globose vesicle would have 
been obstructed. Among proliferous species of Pythiwm such obstruction 
does not ordinarily occur, since here as a rule the inner sporangium is 
extended either broadly or by an evacuation tube until its tip is flush with, 
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or protrudes beyond, the mouth of the older membranous mantle. Instances 
of recessed nesting are, however, not infrequent among proliferous species 
of Phytophthora, where no vesicle needs to be formed, and where the full- 
fledged zoospores released from an inner sporangium are capable of making 
their way if necessary through a series of apical openings. The generous 
width of the apical openings, which here and there would seem to exceed 
15 uy, is likewise especially suggestive of Phytophthora, in which the non- 
papillate sporangia of various proliferous species, as, for example, P. cryp- 
togea Pethyb. & Laff. and P. cambivora (Petri) Buisman, are given to dehis- 
cence by a relatively broad distal aperture. In contrast, both of the cor- 
rectly evacuated zoosporangial envelopes (13: Fig. 8, left; Fig. 9) drawn by 
Dissmann from material derived from the pure culture that he treated as 
Pythium undulatum show a recognizable evacuation tube at the apex; the 
wider of the 2 tubes measuring about 9 y in diameter. There is good reason 
to suspect that the strongly proliferous sporangia drawn from waterlily 
material originating in nature were alien to the fungus represented in the 
pure culture—that they belonged more probably to a species of Phy- 
tophthora, which, owing perhaps to the slower mycelial extension usual in 
members of this genus, may have been consistently outgrown in isolation 
cultures by the accompanying species of Pythium and thus kept from being 
recognized. 

Apart from sporangia, Dissmann’s pure culture of Pythium undulatum 
readily gave rise on various agar substrata to terminal or interealary sub- 
spherical reproductive bodies he termed chlamydospores; the protoplasm 
for their growth being obtained through a progressive evacuation of adjacent 
portions of hypha entailing deposition of successive boundary walls. The 
size of the chlamydospores was found to inerease with the richness of the 
agar medium employed. In maizemeal-agar cultures prepared with media 
whose nutrient concentration varied in a 15-10 ratio, the most frequent 
values for diameter of the globose spores were about 36 uy, 59 u, and 69 1, 
respectively ; a total range extending from 6 1 to 921: being indicated for 
the dimension. Rather early in the development of the chlamydospore its 
wall could be recognized as composed of 2 layers, and with advancing 
maturity the two-layered construction became more distinctly visible: the 
very thin outer Javer consisted of the original hyphal envelope, while the 
inner Jayer, of more variable thickness, represented a special membrane 
secreted bx the protoplast. In ehlamydospores older than those present in 
maizemeal-agar cultures 4 weeks after inoculation, the outer layer was 
stated to persist as flakes or lumps externally adnate to the inner layer. 
With respect to the internal organization of the chlamydospore. aging was 
found accompanied by conspicuous accumulation of fat (Fett) ; this material 
first appearing in small droplets, and later, following union of the small 
droplets, in larger globules. Attempts at germinating the chlamydospores 


‘were successful only with very young specimens in which no aceumulation 


of fat, nor any thickening of the wall, had vet taken piace. In such young 
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specimens the thin envelope ruptured. or a short evacuation tube was put 
forth; the protoplasmie contents, in either event, being then emptied into 
a vesicle for transformation into zoospores. Failure of the older chlamydo- 
spores to germinate, it was pointed out, might derive from conditions similar 
to those present In oospores, which likewise constitute a thick-walled resting 
stage with abundant accumulation of fat, and which likewise, again, have 
only rarely and under conditions little understood been induced to germi- 
nate. Dissmann reported that his persistent effort to find sex organs of the 
fungus on host tissue failed, and that no oogonia came to light in numerous 
culture media he tried out during nearly 2 vears. 

A Pythium whose specific identity with the one Dissmann erew in pure 
culture as P. undulatum seems beyond question, developed in 9 among 42 
tubes of maizemeal agar that were planted late in July, 1936. with separate 
pieces of discolored leaf tissue taken at random from waterlily (Nymphaea 
sp.) plants growing in a drainage ditch in a cranberry bog near East 
Wareham, Massachusetts. After the isolation cultures were freed of bae- 
teria and other contaminating microorganisms the fungus displayed a robust 
mycelial habit recalling such coarse congenerie forms as P. ultimum, P. de- 
haryanum, and P. anandrum. Growing in maizemeal agar its main hyphae 
often attain a width of 8: within 100 or 150 of the tip, though if the 
filaments are followed backward hardly any further widening is to be noted. 
Its lateral branches, which usually develop in moderate quantity, are of 
lesser thickness, and show more or less irregular secondary ramification. 
Despite a certain degree of coarseness, the vegetative mycelium (Fig. 26, 
A, B) offers the generally flexuous appearance familiar among species of 
Pythium rather than the stiffly branching aspeet common in species of Phy- 
tophthora. 

In July and August, 1944, occasion was taken to try out the fungus on 
voung unblemished waterlily (Vyiphaca sp.) leaves supplied from an arti- 
ficial pond in Arlington, Va. Soon after their removal from the pond, the 
leaves were placed in large glass damp-chambers, planted with slabs excised 
from a maizemeal-agar plate culture of the phyecomyeete, and stored at a 
temperature of 18° C. In 2 or 3 days the leaf areas under the slabs took 
on a dark brown discoloration. This discoloration continued to spread 
steadily, with the result that in 10 days it had come to extend over irregu- 
larly circular patches 40 to 60 mm. in width, though the leaves that had 
not been planted with the fungus still retained then their fresh green color 
throughout. When pieces of discolored tissue near the periphery of the 
brown waterlogged patches were removed to a shallow layer of distilled 
water in a Petri dish, and then stored at a temperature near 18° C., extra- 
matrical hyphae 3 to 7 4 wide grew out into the liquid to produce terminally 
a moderate number of prolate ellipsoidal sporangia mostly 30 to 90 long 
and 20 to 40 4 wide. These sporangia on attaining definitive size were often 
found provided with an apical papilla. which sometimes, after renewal of 


} 


the water, would form a virtually sessile cap of dehiscence. More often, 
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‘ Fic. 27. Resting spores of Pyihium ndulatum Petersen sensu Dissmann as found in 
a 25-day-old maizemeal-aga1 plate culture; drawn with the aid of a camera lucida; « 1000. 
A-—F. Small smooth-walled specimens. G; H. a. b. Smooth-walled specimens of moderate 
size. I. Portion of hypha bearing a fairly well-developed smooth-walled resting spore, 4, 
and a cylindrical resting spore, }). J. Smooth-walled resting spore of aberrant hour-glass 
shape. K. Mather large rough-walled resting spore. 
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however, the papilla grew out into a short evacuation tube before the hyaline 
cap was formed; so that after the undifferentiated protoplasmic contents 
had migrated into the inflated vesicle, and had been converted into zoospores, 
the empty sporangial envelope was usually found bearing distally a recog- 
nizable tubular prolongation much like the similar envelopes drawn by Diss- 
mann from material referable to his pure culture. That the extramatrical 
hyphae and the sporangia really derived from the material planted on the 
leaves, rather than from some adventitious parasite, could hardly be doubted 
in view of their close resemblance to the extramatrical hyphae and sporangia 
produced in moderate quantity following irrigation of slabs excised from 
young maizemeal-agar plate cultures permeated exclusively with vigorous 
mycelium of the Massachusetts fungus. 

More distinctive than the sporangia formed in irrigated preparations 
are the large globose reproductive structures or resting spores that first 
become noticeable in maizemeal-agar cultures about 3 or 4 or 5 days after 
inoculation. These structures continue development for about 20 days to 
present eventually a display scarcely less impressive with respect to the 
number of individual units than with respect to their collective bulk. In 
maizemeal agar of moderate nutrient content, such as I have employed, 
they have usually ranged in diameter from 15 to 75 y. Occasional depar- 
tures from their usual subspherical shape (Fig. 27, A-G; H, a, b; I, a; 
Fig. 28, A, B) are recognizable in cylindrical (Fig. 27, I, b) and in trans- 
versely constricted (Fig. 27, J) specimens. Their identity with the chlamy- 
dospores deseribed by Dissmann becomes clearly manifest at maturity, 
when they are found crowded internally with an abundance of globules 
varying commonly from 4 to 10 in diameter. The smaller resting spores 
often contain only 4 or 5 of these globules (Fig. 27, A-D; Fig. 28, A, B), 
but the largest specimens (Fig. 27, I, a; XK.) probably contain more than 200. 
Their size and their distribution in a matrix of granular protoplasm provide 
a striking parallelism with the plural reserve globules found in the oospores 
of Pythium helicoides and its allies. This parallelism gains in suggestive- 
ness from the presence of orbicular bodies, mostly 2.5 to 3 u wide, that are 
scattered presumably throughout the protoplast, even if, as a rule, they are 
discernible only in the upper aspect of the massive spore. For the most 
part these bodies appear less brilliant than the refringent bodies present 
singly in oospores of unitary organization, and, perhaps, somewhat less bril- 
liant even than the plural refringent bodies in oospores of multiplicate 
organization; though their lack of luster could well be attributable to the 
feebler illumination associated with the unusual thickness of the spore. 

The mature resting spores of the Massachusetts fungus, much like the 
chlamydospores deseribed by Dissmann, are surrounded individually by a 
wall composed of 2 layers. While in some of the smallest specimens (Fig. 
27. C) the two lavers can be made out only with some difficulty, in specimens 
of moderate size they are readily seen to be distinct from one another. The 
outer layer is colorless and continuous with the membrane of the parent 
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Fig. 28. Pyth dulatum Peterse) nsu Dissmann; drawn with the aid of a 
camera lucida; x 500 throughout. A, B. Very small resting spores, showing the internal 


organization of maturity. C-—F. Resting spores from a 6-months-old maizemeal-agar plate 
culture, which on being transferred to water germinated by producing zoosporangia on 


germ hyphae: the 2 sporangia, a and b, produced by C are each extending an evacuation 
tube preparatory to discharge, and the resting spore retains enough protoplasmic material 


for the development of 1 or 2 additional sporangia; D also retains much granular mat 


after producing a large sporangium that has given rise to zoospores; E apparently retains 
protoplasm for development of 1 or 2 more sporangia, after having produced t 


enougn 
2 sporangia, a and b, of which the former is represented only by its empty envelope, while 
the latter supports a vesicle with zoospores about ready to escape; F has contributed all 
its contents in producing 2 sporangia, a and b, of which the former has given rise to z00- 
] the latt is still filled with granular contents. G. Large sporangium borne 
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hypha; the inner one, secreted by the massive protoplast, offers noticeable 
contrast in its yellowish coloration. In spores measuring 30 to 504 in 
diameter (Fig. 27, E; G; H, a, b; I, a) the wall commonly appears to have 
a total thickness of about 1.3 4; the outer laver usually contributing about 
0.5 u and the inner layer about 0.8 to the composite measurement. Many 
of the larger spores, including mainly specimens more than 45 , in diameter, 
show a markedly irregular outer contour, and present an appearance as if 
they were covered with an uneven darkish inerustation (Fig. 27, K). In 
comparison with smooth-walled resting spores, those with a rough wall look 
more or less misshapen, as their subspherical form is usually found modified 
perceptibly by a number of broadly curved bulges. As these bulges some- 
times occur in regions where the external incrustation is either very thin or 
wholly absent, the impression is gained that in the later stages of spore 
enlargement the outer membranous laver yields locally here and there or 
is ruptured outright in several places, permitting the somewhat elastic inner 
layer to push outward in the weakened regions. 

Attempts to germinate newly mature resting spores of the Massachusetts 
fungus have always been wholly unsuccessful. When spores from a 65-day- 
old maizemeal-agar plate culture were transferred to a shallow layer of 
water in a Petri dish and stored at 18° C. a substantial proportion of them— 
most often between 10 and 25 per cent—germinated in the course of 7 days. 
On repeating the trials 100 days after the plate cultures had been planted, 
fully half of the spores germinated within 2 days. Virtually all spores 
transferred to water from cultures 180 days old germinated within 24 hours, 
and in strongly predominant measure germinated by the development of 
zoosporangia. When the resting spores contained in 0.1 to 0.2 ce. of agar 
from a 6-months-old culture were distributed over the floor of a Petri dish 
and sparingly watered, a much livelier display of motile zoospores often 
resulted than was obtained by irrigating ten times as much maizemeal agar 
or waterlily-leaf tissue permeated with young mycelium. 

Preparatory to germination the resting spore takes on a somewhat opaque 
appearance as the reserve globules lose their clear boundaries, and together 
with the refringent bodies become gradually obliterated in the augmented 
volume of densely granular protoplasm. The inner layer of the wall dis- 
solves away in a circular region, allowing the protoplast to protrude against 
the outer laver. After the outer layer has also given way the protrusion 
emerges to elongate externally as a germ hypha (Fig. 29, A). Apparently 
this germ hypha never functions directly as an evacuation tube, but like the 
hypha extended from the germinating oospore of Pythium ostracodes (25, 
p. 276-286) commonly forms a terminal sporangium (Fig. 29, B) from 
protoplasmic materials made available through increasing vacuolization 





on a germ hypha and supporting a vesicle that contains approximately 45 zoospores nearly 
ready for escape. H-M. Empty sporangial envelopes produced in germination of resting 
spores. N. Empty sporangial envelope whose supporting hypha, produced in the germina- 
tion of a resting spore, shows both uniaxial elongation and subsporangial branching. O. 
Development of 2 successive sporangia, a and b, through uniaxial elongation of the sup- 
porting hypha, which was produced in the germination of a resting spore. 
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within the parent spore (Fig. 28, C-E; Fig. 29, B). Where a substantial 
quantity of protoplasm remains, as is usually the case with large resting 
spores, the hypha may continue growth by putting forth a branch immedi- 
ately below (Fig. 28, C, b; Fig. 29, C; E, a) or some little distance below 
(Fig. 29, D, a) the base of the first sporangium; the branch subsequently 
giving rise at its tip to a second sporangium (Fig. 29, D, b; E. b). Often 2 
germ hyphae, each bearing a terminal sporangium, may be extended from 
well-separated positions on the resting spore (Fig. 29, F, a, b), or from posi- 
tions rather close together (Fig. 28, F, a,b). Frequently, again, 2 sporan- 
gium-bearing hyphae may arise through basal branching of a single germ 
tube (Fig. 28, C, E; Fig. 29, G, a,b; H, a,b). Under environal conditions 
that favor immediate development of zoospores (Fig. 28, E, b; G) and thus 
permit prompt evacuation of sporangia (Fig. 28, H-M) while germination 
is still proceeding, the supporting filament in many instances elongates 
straightforwardly (Fig. 28, N) to produce a second sporangium within or 
beyond (Fig. 28, O, b; Fig. 29, H, ¢) the empty envelope of the first (Fig. 
28, O,a; Fig. 29, H,a). Since in judiciously watered preparatious many of 
the larger resting spores afford uniaxial production of 2 successive spo- 
rangia, proliferous development takes place in connection with germination 
on about the same modest scale as in the asexual reproduction obtained by 
irrigating young mycelium. Obviously no proliferous development is pos- 
sible where relatively small resting spores—specimens less than 30 or 35 4 
in diameter—are concerned, as these usually give rise only to a single spo- 
rangium (Fig. 29, I-L) ; the supporting hypha in such instances sometimes 
measuring less than 50, in length, and occasionally even less than 10 y 

Fig. 29, J). The sporangium-bearing hyphae extended from the more 
robust spores commonly measure 3 to 8 y in width and 100 to 500 u in length 
(Fig. 28, C-F; Fig. 29, G, H), though a considerable proportion of them may 
measure 0.5 to 1 mm. in length (Fig. 29, E, F) and some as much as 2.5 
mm. or 3 mm. 

The sporangia resulting from germinative development closely resemble 
those of mycelial origin in all particulars including size, since resting spores 
less than 30 in diameter are ordinarily too few to contribute any large 
proportion of noticeably undersized progeny. While awaiting conditions 
favorable for zoospore formation they are nearly always found provided 
with an apical papilla (Fig. 28, F, b; Fig. 29, B; C; D, a, b; E, a, b; F, a, b; 

a, b; H, b; I, J); yet now and then (Fig. 29, H, ¢; K), especially in the 
interealary specimens (Fig. 29, L) to be seen occasionally, no distal modifi- 
eation is evident. The papilla sometimes is converted directly into a sessile 
eap of dehiscence, so that the empty sporangial envelope, after evacuation 
of the protoplasmic contents, will terminate abruptly in an aperture com- 
monly 8 to 10 y wide (Fig. 28, D), without displaying any sign of a tubular 
prolongation. More often, however, the papilla becomes extended into a 
‘rather short evacuation tube (Fig. 28, C, a, b; O, b) which eventually leaves 


its empty membrane superadded to the empty sporangial envelope (Fig. 
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28, E, a,b; F,a; G-N; O,a; Fig. 29. H, a). Usually the empty tube either 
terminates abruptly with a plain rim (Fig. 28, H, J, L, M; Fig. 29, H, a) 
or is minutely lipped at the orifice (Fig. 28, E, b; G; I; K; O, a), but in 
scattered examples it is found reflexed (Fig. 28, E, a; F,a;N) in a manner 
reminiscent of Pythium vexans. The vesicular membrane is always clearly 
visible. On disintegrating it releases commonly from 25 to 50 broadly reni- 
form, laterally biciliate zoospores, which after swimming about for some 
time come to rest and round up into spherical cysts 9.5 to 13.5 y in diameter 
(Fig. 29, M, a-z). The eysts occasionally give rise to secondary swarmers 
through repetitional development entailing the production of an evacuation 
tube usually 2 to 10, long and 2.5 to 4 wide (Fig. 29, N, a-f). More 
often, of course, they germinate vegetatively by putting forth 1 or 2 germ 
hyphae 2 to 3 u wide (Fig. 29, O-Z). 

Germination is accompanied by a marked change in the appearance of 
the wall surrounding the resting spore. The inner layer of the wall, which 
in spores of moderate size seemed earlier to measure about 0.8 in thickness, 
will usually show a thickness of 2 or 3 u after a substantial portion of the 
protoplasmic contents has been contributed toward the development of germ 
hyphae and zoosporangia (Fig. 28, C-E). Later when the spherical cham- 
ber of the spore has been completely emptied of granular materials, the 
generally increased thickness of the inner layer is revealed as being varied 
locally by the presence of seattered pits which here and there seem to extend 
clear through to the outer layer. In some preparations the substance of the 
inner layer offers a nearly homogeneous or cartilaginous appearance (Fig. 
28, F) while in others it exhibits numerous radial striations (Fig. 29, D-H) 
suggestive of the striations familiarly observed during germination in 
oospores of many congenerie species. Thus the empty two-layered envelope 
shows rather good correspondence with the two membranous envelopes, con- 
sidered jointly, that are left from the germination of oospores in allied spe- 
cies; the correspondence being perhaps most obvious if comparison is made 
with such forms as Pythium salpingophorum where usually the oogonial 
membrane and the oospore wall are for the most part intimately fused. 

The similarities shown by its membranous vestments after germination, 
taken together with similarities in structure of its protoplast during the long 
period of dormancy, provide persuasive grounds for interpreting the resting 
spore as a parthenospore homologous more particularly with the oospores of 
multiplicate internal organization that are found in Pythium helicoides and 
related species. One might be inclined to dismiss the morphological paral- 
lelism as being perhaps of fortuitous character if it were not so strongly 
corroborated by the physiological similarity manifest in the prolonged dor- 
mancy of the reproductive bodies under discussion; such dormancy being 
familiar among oospores and parthenospores, but wholly unknown among 
the subspherical conidia and chlamydospores formed by numerous species 
of Pythium, including, for example, P. debaryanum and P. ultimum. Kin- 
ship in the helicoides series would seem indicated further in the germinative 
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Fig. 29. Germination of resting spores of Pythium undulatum Petersen sensu Diss- 
mann from a maizemeal-agar plate culture 6 months old; drawn with the aid of a camera 
lucida; x 500 throughout. A. Small resting spore from which a germ hypha is being ex- 


tended. B. Rather small resting spore that has produced a small sporangium on a germ 
hypha, and still retains a substantial quantity of protoplasm. CC. Rather small resting 
spore that has produced a sporangium at the end of a germ hypha; the germ hypha there- 
upon branching out below the delimiting septum although containing only a small quantity 
of residual protoplasm. D. Resting spore whose germ hypha, a, has formed a terminal 
sporangium and given off a branch, b, which also supports a sporangium. FE. Resting 
spore whose germ hypha has produced a terminal sporangium, and then put forth distally 
a branch, b, to bear a second sporangium; from lack of space intercalary portions of 
hypha measuring 600 y and 675 u in length, respectively, are omitted at places indicated. 
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behavior of the fungus; for, as has been noted, the resting spores, much 
like oospores of my P. ostracodes give rise to zoospores exclusively through 
the production of structurally distinct zoosporangia, never by the more 
direct course of development wherein the protoplasmic contents are con- 
veyed to a vesicle by way of an evacuation tube originally extended as a 
germ hypha—a course of development frequent in the unitary oospores of 
P. anandrum. The zoosporangia, whether borne on germ hyphae or on 
mycelial hyphae, conform satisfactorily in their typically terminal position, 
prolate ellipsoidal shape, distal papillate modification, and occasionally suc- 
cessive uniaxial development, with the type of sporangium prevalent in the 
helicoides series; though this type of sporangium, it must be admitted, is 
characteristic also of P. anandrum, and besides has been recognized for many 
decades as distinctive of P. proliferum de Bary (3, p. 18, 19; 4, p. 558-562), 
a species which from its smooth oogonia and from the unitary internal 
organization ascribed to its mature oospores (3, p. 61, lines 21-25) would 
not seem intimately related either to P. helicoides or to P. anandrum. 

Indeed, the type of sporangium here concerned—the occasionally pro- 
liferous, obliquely oriented, bursiform sporangium of my Pythium mar- 
sipium (23, p. 492-506) and the very meagerly proliferous, frequently sub- 
terminal sporangium of P. salpingophorum, obviously differ from it in sub- 
stantial measure—occurs too widely even among terrestrial members of the 
genus to provide alone a really trustworthy indication of either the identity 
or the intimate kinship of a species. The extraordinarily large sporangial 
measurements given by Petersen, which might be adequate for determining 
the application of his binomial if they were found usual for some fungus 
properly referable to the genus, have assuredly not been found usual in 
the Massachusetts waterlily fungus, whether it was grown on artificial 
media or on its natural substratum, though its sporangia have regularly 
been of generous dimensions. However, my fungus agrees well with the 
one that Dissmann isolated and referred to Petersen’s species ; the agreement 
being satisfactory with respect both to the zoosporangia and to the very 
distinctive resting spores. Dissmann’s report of zoospore formation by 
direct discharge of contents from very voung chlamydospores is not incon- 
F. Resting spore that likewise became completely evacuated in giving rise to 2 sporangia, 
which here, however, are borne on 2 separate germ hyphae, a and b; from lack of space 
portions of hypha measuring 575 uw and 625 u in length, respectively, are omitted at places 
indicated. G. Resting spore that has become evacuated in producing 2 sporangia on 2 
separate germ hyphae, a and b, arising from a single trunk by basal branching; from lack 
of space, germ hypha a is shown in parts whose proper connection is indicated by broken 
lines. H. Large resting spore that has become evacuated in producing 3 sporangia of 
which 2 were formed terminally on separate germ hyphae, a and b, arising through basal 
branching from a single trunk, whereas the other was formed terminally on the uniaxial 
prolongation ¢ of the germ hypha a; from lack of space a and ¢ are shown in portions 
whose proper continuity is indicated by broken lines. I-K. Small resting spores, each of 
which became evacuated in producing a sporangium on a short germ hypha. L. Small 
resting spore that has put forth a germ hypha with an intercalary sporangium. M. En- 
cysted zoospores, a—z, derived through germination of resting spores, and showing varia- 
tions in size and shape. N. Empty cyst envelopes, a—f, each with an evacuation tube that 
served in the emergence of a secondary motile zoospore. O-V. Eneysted zoospores, each 
germinating with 1 germ tube. W-Z. Encysted zoospores, each germinating with 2 germ 
tubes. 
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sistent with my statement of germinative behavior in properly after-ripened 
resting spores; for, as Dissmann pointed out, the juvenile reproductive 
bodies he found active resembled greatly the zoosporangia formed in water, 
not having yet undergone, either in their protoplasm or in their envelopes, 
any modification tending toward the mature condition. Since he makes no 
mention of using material several months old in his germination trials, there 
is good reason to suspect that his failure with mature chlamydospores was 
attributable to inadequate aging. 

Although the soil fungus discussed under Petersen’s binomial] by Mat- 
thews produced ‘‘thick-walled chlamydospores’’ which she held similar to 
Dissmann’s, their small size—a range in diameter from 14 to 24 being 
given for them—would seem to make identity with my waterlily parasite 
quite improbable. Greater likelihood of such identity is offered by the 
aquatie fungus that Sparrow discussed as Pythium undulatum, since it gave 
rise on maizemeal agar to ‘‘dark brown, rough-walled chlamydospores’’ 10 
to 50 u in diameter ; though serious misgivings are aroused here by the small 
dimensions of the sporangia. The possibility is not to be ignored that 
reproductive bodies frequently rough-walled lke those described by Diss- 
mann may be formed by several members of the genus, and more particu- 
larly, perhaps, by aquatic members intimately akin to the waterlily parasite. 

When the waterlily parasite is grown on maizemeal-agar plate cultures 
in opposition to Plectospira myriandra, its myeelial advance is halted along 


oped by short branches extended from filaments of the saprolegniaceous 
form (Fig. 22, B, b, ¢); envelopment in all instances being followed by 
darkish degeneration of the protoplasm within the Pythiuwm hyphae. Simi- 
lar injury is sustained by the fungus when it is grown in opposition to 
Pythiwm oligandrum. Its hyphae (Fig. 22, C, a; D, a) on being invested 
with ramifying branches put forth from filaments of the spiny form (Fig. 
22, C, b; D, b) soon suffer evident degeneration of their protoplasmic con- 
tents (Fig. 22, C, a), and, besides, are often invaded lengthwise by assimila- 
tive elements (Fig. 22,D). Likewise when the fungus encounters mycelium 
ot Pythium acainthicum its hyphae (Fig. 22, E, a) at the forefront of 
advance are halted and promptly enveloped by irregular ramifications of 
the delicate echinulate species (Fig. 22, E,b). Often small diverticulations 
intruded into a newly enveloped uwnadulatum hypha (Fig. 22, F, a) from an 
acanthicum branch (Fig. 22, F, b) are found surrounded by a rather thick 
deposit of yellow material that gives the appearance of having been secreted 
as a barrier against invasion. Although invasion is frequently delayed for 
some time, many wndulatum hyphae (Fig. 22, G, a; H) ultimately come to 
be permeated by acanthicum filaments (Fig. 22, G, b; H). Again, when 
the waterlily parasite encounters a mycelium of Pythiuwm pertplocum its 
hyphae (Fig. 22. I. a) are rather extensively though not very elaborately 
enveloped by ramifications from filaments of the echinulate species (Fig. 
22,1, b) ; whereupon they soon degenerate internally, and often, in addition, 
are invaded longitudinally by assimilative branches. 
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SUMMARY 


Pythium oligandrum has been found frequently in damped-off seedlings 
as well as in decaying stems and roots of older phanerogamie plants originat- 
ing from widely separated localities in the eastern United States. Its usual 
occurrence in association with congeneric species familiar as agents causing 
damping-off and root rot, together with its ready parasitism on these species, 
suggests that it probably operates more commonly as a secondary than as a 
primary invader. Once, however, it was found, unaccompanied by any 
other likely pathogen, in a cucumber fruit affected with watery decay in the 
field; and on inoculation by incision was found capable of causing decay 
both in nearly full-grown cucumber fruits and in watermelon fruits. Its 
zoosporangia resemble those of P. acanthicum, but appear somewhat more 
often to become relatively large in volume, and to inelude plural globose 
parts. The oogonium, typically subspherical and spiny, is usually de- 
limited proximally by a massive plug and distally by a cross-wall; it often 
includes a cylindrical prolongation at one or at both ends, and occasionally 
may be wholly cylindrical. Parthenogenetic development is generally very 
common; its frequency varies between different strains, and, besides, is 
influenced by environmental conditions. Where a male complement of 1 
or 2 antheridia is present, it is usually supplied from a single branch. In 
most instances the mycelial connection between the male and female organs 
is too remote to be traced. Where such connection can be traced, it often 
has a total length of 250 to 600 y, occasionally a length of only 125. The 
type of antheridium consisting of a hyphal segment adjacent to the oogonium 
—the type that presumably prevails in P. artotrogus to the exelusion of 
other types—has not been recognized in any material held referable to P. 
oligandrum. The oospore when mature, shows very distinctive internal 
organization, as it contains usually 4 to 15 refringent bodies imbedded in 
the granular parietal layer surrounding the single reserve globule. After 
a resting period of 6 months it germinates readily on shallow irrigation, 
often giving rise to zoospores by discharging its undifferentiated contents 
direetly into a vesicle through an evacuation tube 10 to 50 u long. 

Oospores of Pythium periplocum likewise germinate readily in pure 
water after a resting period of 6 months. Preliminary to germination, 
much as in P. oligandrum, an inner layer of the oospore wall amounting to 
about two-thirds of the thickness of the envelope, is assimilated by the pro- 
toplast. The germ hypha after attaining a length of 50 to 200 frequently 
functions as an evacuation tube in conducting the granular contents into a 
vesicle where they are fashioned into zoospores. 

Pythium salpingophorum requires a lower temperature for zoospore pro- 
duction than most congenerie species. In irrigated preparations its globose 
sporangia are more often formed in subterminal than in terminal or inter- 
calary positions, and are only in rather small measure given to successive 
development through either uniaxial elongation or subsporangial branching 
of the supporting hypha. The species is distinguished by pronounced distal 
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widening of the evacuation tube; the empty membrane cf this tube becoming 
reflexed at the orifice somewhat in the manner of a trumpet. The rather 
small, smooth, subspherical oogonia frequently develop parthenogenetieally, 
but many are supplied with 1 or 2 antheridia which may be borne on a short 
branch arising from the oogonial filament in close proximity to the oogonium, 
or, again, may be sessile either on the cogonial hypha or on a neighboring 
hypha. Except in the proximal and distal regions the oogonial envelope is 
usually adnate to the oospore wall, which at maturity encloses a protoplast 
of unitary organization—a single refringent body being imbedded in the 
eranular layer surrounding the single reserve globule. After a resting 
period of 8 months the oospore germinates freely in pure water, often 
through the production of swarmers. The protoplast generally assimilates 
a thick inner layer of the oospore wall before putting forth a germ hypha 
that sometimes functions directly as an evacuation tube and at cther times 
bears terminally a sporangium similar to sporangia of mycelial origin. 

In Pythium vexrans (=P. complectens), after discharge of the spo- 
‘angium, the empty membrane of the evacuation tube is often though not 
always reflexed at the open end. As the oogonium and antheridium in this 
species are brought together at a very early stage, they necessarily expand 
in intimate contact with one another. Where a hard agar culture medium 
offers considerable resistance to their expansion, their outward shapes are 
noticeably modified; the oogonium becoming flattened or broadiy indented 
in the region of contact, the antheridium at the same time being squeezed 
to fit snugly until in extreme instalces it appears as an irregularly lobed 
mass. However, in water or soft agar the subspherical shape of the 
oogonium undergoes little modification, while the antheridium develops 
rather often into a ramified body consisting of 2 to 4 elongate digitate or 
more broadly lobate parts that clasp the oogonium extensively. The an 
theridium is regularly borne terminally on a branch arising either from a 
neighboring hypha or from the oogonial hypha at some distance from the 
oogonium. Since its base is often very close to the oogonial attachment, it 
frequently has much the appearance of being sessile on the oogonial fila- 
ment close to the oogonium. Oospores of P. vexans soon germinate freely 
i pure water, often giving rise to swarmers. The protoplast, after assimi- 
lating a thickish inner layer of the oospore wall, sometimes extends a germ 
hypha that functions directly as an evacuation tube, and at other times 
produces a structurally distinet zoosporangium which may be sessile on the 
oogonial envelope or may be terminal on a germ hypha of variable length. 

On shallow irrigation, oospores of Pythium anandrum from cultures 3 
months old germinate readily, usually giving rise to swarm spores. After 
absorbing a thick inner layer of the oospore wall the protoplast often puts 
forth a stout germ hypha that subsequently functions directly as an evacua- 
tion tube. In other instances a zoosporangium structurally distinct from 
the oospore is produced terminally on a germ hypha up to 200 y in Jength. 


Such a sporangium may also be formed sessile on the oogonial envelope, or 
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may even be deeply inserted into the chamber of the oospore. Repetitional 
development of zoospores is accomplished in P. anandrum usually, as in P. 
oligandrum, P. vexans, and P. undulatum, by direct production of an evacua- 
tion tube, but also takes place occasionally through production of a miniature 
sporangium. 

A fungus isolated from waterlily leaves in Massachusetts is referred to 
Pythium undulatum Petersen sensu Dissmann by reason of its prolate 
ellipsoidal, distally papillate sporangia and its large rough-walled resting 
spores. In their mature condition the resting spores show an internal 
organization similar to that in oospores of P. helicoides, and are surrounded 
individually by a wall consisting of a thin (0.5) colorless layer and a 
somewhat thicker (0.8 1.) yellowish inner layer. Resting spores from eul- 
tures 6 months old germinate readily on shallow irrigation by producing 
1 to 4 sporangia on germ hyphae 10y to 3 mm. long. After germination 
the inner layer of the spore wall appears much thicker (2 to 3 y) than 
before. It seems probable that the resting spore represents a parthenospore 
homologous with the oospore of P. helicordes. 

When Pythium salpingophorum, P. vexans, P. undulatum, and P. anan- 
drum are grown on an agar substratum in opposition to P. oligandrum or 
P. periplocum or P. acanthicum, their mycelial advance is halted as their 
hyphae in varying measure become enveloped by branches extended from 
the filaments of the opponent fungus; the enveloped hyphae usually soon 
showing degeneration of their contents, and often in addition undergoing 
invasion by assimilative elements. Similar injury is sustained by them when 
they are grown in opposition to Aphanomyces cladogamus or Plectospira 
myriandra. P. vexrans appears oceasionally to retaliate upon P. periplocum 
by applying appressoria to hyphae of the echinulate form. 


PLANT INDUSTRY STATION, 
BELTSVILLE, MARYLAND. 
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A NEW BACTERIAL LEAF SPOT OF GREENHOUSE- 
GROWN GARDENTAS 


Peesse A. ABEK ays 2. Fi BABReeee 
(Accepted for publication June 7, 1946) 


In central California heavy losses are being sustained in some gardenia 
plantings on account of a bacterial leaf-spot disease which is similar in 
symptoms to that described by Burkholder and Pirone.*’ However, careful 
study of the causal organism of the California disease proved it to be dif- 
ferent from that described in the eastern United States. 

The disease starts on tender leaves as minute dots which gradually en- 
large, showing at first a pale yellow center, which later becomes reddish- 
brown, surrounded by a yellowish halo. The margins of the lesion are some- 
what thickened and have a greasy appearance. Several spots may coalesce 
to form a larger one. Infections when very abundant (Fig. 1, A and B) 
may cause premature abscission, an unfavorable condition from the pro- 
duction standpoint. Flower buds and sepals are sometimes affected (Fig. 
1, C and D), but this is relatively uncommon. 

The disease may be spread by cuttings taken from infected plants, and 
especially by syringing plants to reduce the red spider mite population. 
When gardenias are forced for flower production, the high humidity and 
air temperature usually maintained provide excellent conditions for the 
spread of the organism and subsequent development of epidemics. 

Microscopie examination of small pieces of diseased leaf tissues reveals 
an abundance of bacteria oozing from the cut edges. If the bacteria diffuse 
into sterilized water and subsequently dilution plates are made, the organ- 
ism can easily be isolated in pure culture. 

The pathogenicity of the bacterium (six isolates representing six dif- 
ferent tests) isolated from the gardenia leaf spots was tested by suspending 
the isolated bacteria in sterile distilled water and atomizing it on small 
potted gardenia plants. Infection occurred and the bacterium isolated 
from the artificially produced lesions was identical with the one used for the 
inoculations. Prior to inoculations the plants were held in a large moist 
chamber for 24 hours and were kept there for the duration of the test to 
conform to commercial conditions of growing this crop as close as possible. 
First symptoms of the disease, in a form of very small pale yellow spots, 
appeared from 7 to 9 days after the spraying, the temperature of the green- 
house varying from 80° to 90° F. during the day, with night temperature 
about 65° F. In two weeks the spots developed to the size of 1mm. Keep- 
ing the atmosphere and the foilage dry checks the disease promptly and 
new leaves are free of the disease. Resumption of svringing coupled with 
high temperature is soon followed by infection on new foliage. 


1 Burkholder, W. H., and P. P. Pirone. Bacterial leaf spot of gardenia. Phytopath. 
31: 192-194. 1941. 
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Fic. 1. Bacterial leaf spot of gardenia caused by Phytomonas maculifolium-gar- 
_deniae. A and B. Natural infection on the leaves; C. Petal infection; D. Sepal infee- 
tion. 
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The bacterium causing this disease is a short rod measuring 1.6-2 , x 
0.3-0.5 pp, motile by means of one or two flagellae attached to one pole. It 
is stained by most of the anilin dyes and is Gram-negative. In some prep- 
arations, the capsule can be demonstrated by the India ink method. 

In beef-extract-peptone broth the turbidity is prompt in 24 hours, becom- 
ing dense in time with a narrow vellow ring at the top and a viscous yellow 
sediment at the bottom. On beef-extract-peptone agar, the growth is rapid, 
slightly raised, yellow (Pyrite yellow according to Ridgway standards), 
butyrous in young cultures and difficult to pick up in older tubes. On 
potato-dextrose-peptone agar slants the growth is fast, yellow (sulphine 
yellow), smooth, and falls to the bottom of the tube in time. Growth is 
eood in 48 hours in Cohn’s synthetic medium, in Uschinsky’s medium, and 
in the synthetic carbohydrate medium of the Society of American Bae- 
teriologists ;?> but growth is scanty in Fermi’s solution. Starch plate is well 
digested after 48 hours and completely digested after'6 days. Indol and 
hydrogen sulphide are not produced. Ammonia is formed in peptone-glu- 
cose-dipotassium phosphate media devised by Hansen* and demonstrated by 
his method; nitrates are not reduced. The skimmed milk becomes trans- 
lucent with a white precipitate at the bottom and a large yellow ring at the 
top. In litmus milk, a white curd is formed at the bottom and the super- 
natant liquid is a dirty wine color. Gelatin is liquefied slowly. 

Growth in synthetic media containing the following carbohydrates pro- 
duced acid and no gas: arabinose, dextrose, fructose, galactose, lactose, 
maltose, mannite, raffinose, sucrose, and xylose. An inverted Dunham’s 
fermentation tube was added to each tube to demonstrate presence or 
absence of gas. Glycerine was not utilized by the organism. 

The organism grew from 10° to 37° C. No growth of the organism was 
observed even after 30 days at the temperatures from 1° to 7° C. At 10° C. 
the growth was slow. The optimum temperature for growth lies between 


‘ 


The thermal death point is 50° C. 


‘ 


22° and 28° C. 

Since no known yellow pathogens have similar characters, the organ- 
ism is deemed to be new to science and the name Phytomonas maculifolium- 
gardeniae n. sp. is proposed. It differs markedly from Ph. gardeniae 
which produces white colonies becoming dirty in appearance with dark- 
brown discoloration of the medium. 

To control the disease numerous experiments were undertaken. Spray- 
ing with standard Bordeaux mixture gave no control. Various quaternary 
ammonia compounds were ineffective. However, an aqueous copper sul- 
phate solution, 1 to 2000, with the addition of a spreader (0.1 per eent 
Triton B-1956 phthalic glyceryl alkyd resin), reduced the number of lesions. 
This spray should be applied at frequent intervals to prevent any build- 
up of the disease on old leaves. Syringing of the plants for the control of 


2 Society of American Bacteriologists, Manual of methods for pure culture study of 
bacteria. P. 14, Leaflet 2. Preparation of media. 9th ed. 1944, 

‘Hansen, P. A. The detection of ammonia production by bacteria in agar slants. 
Jour, Bact. 19: 223-229. 1930. 
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red spiders definitely aggravates the disease. Therefore attempts should 
be made to control red spiders by other means. Lately, the use of Azofume- 
70 (technical grade of azobenzene) as a fumigant for red spiders was found 
successful by some gardenia growers and resulted in a considerable redue- 
tion of the disease. 


SUMMARY 


1. Leaf spot on gardenia in California is caused by a yellow bacterium, 
for which the name Phytomonas maculifolium-gardeniae is proposed. 

2. The disease increases to serious proportions under conditions of high 
humidity and high air temperatures. 

3. In controlling the disease it is important to avoid syringing the plants 
with water. They should be sprayed at frequent intervals with aqueous 
copper sulphate solution, 1 to 2000, plus a spreader. 
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THE SOIL ROT OF SWEET POTATOES AND ITS 
CONTROL WITH SULPHUR 


L. H. PERson? 


(Accepted for publication June 10, 1946) 


The soil rot of sweet potatoes caused by Actinomyces ipomoea Person 
and Martin is at present widespread in Louisiana as well as in other parts 
of the United States. In Louisiana, it was first observed in a serious form 
in 1934 in small, isolated areas near Sunset in St. Landry Parish, the center 
of the sweet-potato-growing area. In later years, the areas gradually en- 
larged and the disease also appeared in other parts of the State. 

When weather conditions are favorable and the disease is severe, it causes 
almost a total loss. Many roots are destroyed and the young plants either 
die or their growth is so checked that vines are not produced. When con- 
ditions are less favorable for the disease, a satisfactory yield may be ob- 
tained. but the quality is poor because many potatoes are misshapen or 
covered with unsightly lesions. 

A very severe outbreak in 1937 was largely responsible for the investi- 
vations here reported. Studies between 1934 and 1937 had indicated that 
the disease was not serious in a soil with the pH below 5.2. Preliminary 
experiments also had indicated that it was possible to lower the pH of the 
soil to 5.0 by adding sulphur, but it was not known how much sulphur would 
be required, or how long the low pH would be maintained in the soil after 
the sulphur was applied, or whether a pH this low would injure sweet pota- 
toes or other crops that might be grown. Sulphur tests have been made 
for eight vears, in seasons both favorable and unfavorable to the soil rot, 
and the results obtained have provided definite answers to these questions. 


MATERIALS AND METHODS 


Plots were sulphured on 20 farms in three areas in St. Landry Parish. 
With the exception of one farm, the soils were Lintonia silt loam, the typical 
first terrace soils of that area. The soil of one farm was a Miller silt loam, 
a reddish soil similar to the alluvial soils of the Red River. The terrace 
soils are found on the greater portion of the farms in the sweet-potato area 
in St. Landry Parish. The area with the Miller silt loam is very small. The 
pH of the terrace soils is ordinarily about 5.7, and of the Miller soil about 6.1. 

The general procedure for applying sulphur was the same in all tests. 
After the field was leveled by plowing or discing, sulphur was applied with 
a seed drill and disced in as soon as possible. The soil was then thrown 
up into the 4}-foot, ridged rows, the system ordinarily used in that area. 
The sulphured plots were usually 7 to 10 rows wide, although in one or two 
tests they were only 5 rows wide. The nonsulphured check plots were 5 or 


1 The author wishes to acknowledge the assistance of the Freeport Sulphur Co. for 
donations of sulphur and for a grant to help finance the field work; and the Southern 
Acid and Sulphur Co, for donations of sulphur. 
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more rows wide. All plots were 200 feet, or more, long. Five types of 


sulphur were used : 


1. Commercial flour; a sulphur of which 90 per cent passes through an 


80-mesh sereen. 


- 


Stauffer granular; a sulphur which passes through a 16-mesh screen. 

3. Toro; a conditioned sulphur containing 14 per cent filler, 93 per cent 
of which passes through a 325-mesh screen. 

4. Soil sulphur; a ground crude sulphur of 99.5 per cent purity. 

Inoculated sulphur; a sulphur to whieh sulphur bacteria had been 

added. 


wt 


Soil samples were collected periodically from each plot and pH readings 
were made. After a plot was sulphured, samples were collected several times 
in the first six months to determine the time necessary for the pH to drop 
to 5.0 or below. After that, soil samples were taken one or more times a year 
until 1945, or until the plots were out of cultivation. From 1938 through 
part of 1941, the Hellige colorimetric method was used in making the pH 
tests. After that, a Beckman potentiometer was used. Slightly lower read- 
ings were obtained with the potentiometer. 

When the sweet potatoes were harvested, the three center rows in each 
plot were dug and the potatoes graded and weighed. The yields per acre 
were then calenlated in 50-lb. erates of No. 1 and No. 2 sweet potatoes. 


EFFECT OF SULPHUR AND ACIDS ON PH oF SOIL 


To determine the amount of sulphur necessary to bring the pH of the 
soil to 5.0 and to maintain it at that low level, four rates of application per 
acre were used: 500 Ib.. 600 lb.. 700 lb.. and 800 Ib. The effect of these 
amounts on the pH of the terrace soils for 7 years is given in table 1. As 
similar results were obtained with all types of sulphur, the results are 
grouped in the table. The soil sulphur was slightly slower in action, taking 
about a month longer to bring the pH down to the level produced by the 
others; but after that the results with all were similar. The data in the 
table represent averages. The 500-lb. application was sufficient to lower 
the pH to a satisfactory level but did not maintain it. As the pH in the 
plots with the 500-lb. applications tended to rise after the first year, the 
applications in later years were mostly 600 Ib. or more. The 600-, 700-, and 
800-lb. applications all held the pH to 5.0 or below for about four years, 
after which it tended to rise to 5.2 to 5.4. Usually it took from two to four 
months after the sulphur was applied for the pH to drop to 5.0. 

Results obtained on the Miller silt loam were quite different from those 
on the terrace soils. Applications of sulphur, even up to 800 lb. per acre, 
barely lowered the pH to 5.0 within the first six months. This low level, how- 
ever, was not maintained. The pH began to rise gradually and within a 
year was 5.4 or above, and it continued to rise in later years. The lowering 
of the pH to 5.0 by the application of sulphur did not seem practieal on 


this soil and further applications were not made. 
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Concentrated sulphurie acid and phosphorie acid were also applied to 
the terrace soils at rates of 400 to 700 lb. per acre. These had very little 
effect on the pH of the soil in the months that followed. 


TABLE 1.—Effect of sulphur on soil pH on 19 farms in St. Landry Parish, Louisiana 








Sulphur pb | Period after sulphuring —— ; 

applied 1-2 3-4 5-6 lvr. 2vr. 3yr. 4vr. Syr. Gyr. Tyr. 

per acre : : : . : : . ‘ 
mos. mos. mos. 

No sulphur 5.7 5.8 5.8 5.9 5.7 5.6 5.7 5.7 5.7 5.7 
500 Ib. 5.2 4.9 4.9 5.0 5.2 5.3 5.1 5.1 5.1 5.2 
No. of plots 12 14 20 20 1] 5 5 5 5 4 
600 Ib. 5.1 4.9 4.7 4.9 4.9 4.9 5.0 52 5.4 5.4 
No. of plots SY 93 95 98 98 87 83 45 6 3 
700 Ib. 5.1 4.9 4.7 4.8 4.8 5.1 5.0 5.0 4.8 5.2 
No. of plots 16 18 24 24 24 15 9 3 3 2 
800 Ib. 5.1 4.9 4.6 4.8 4.8 4.8 4.9 5.2 5.2 5.3 
No. of plots 102 101 108 L108 108 101 94 61 14 10 


RELATION OF RAINFALL TO SOIL ROT 

Observations in Louisiana as well as elsewhere have indicated that there 
is a definite relation between rainfall and the severity of soil rot. The 
disease may be severe in seasons with periods of drought, especially if these 
occur within a month after planting, which is the time the roots are develop- 
ing on the young plants. The disease may be entirely unnoticeable in years 
with sufficient rainfall well distributed throughout the growing season. 
In the sulphur tests here reported, the amount and the distribution of on 
rains were very important in evaluating the results obtained. 

In Louisiana, sweet potatoes are planted at any time during the spring 
and early summer, but in recent years, in order to increase vields and also 
to have marketable potatoes during the early fall months, there has been a 
tendency to plant as early in the spring as possible. Because of this, most 
of the crop is planted in May or early June. The actual date of planting, 
however, depends to a great extent on the condition of the soil, as sufficient 
moisture must be present to enable the plants to establish their root systems. 

Weather conditions in the spring in Louisiana vary considerably from 
vear to vear. On the average, there is less rain in May and early June than 
in later months, and often there are periods of two to three weeks or more 
Without sufficient rainfall to meet the requirements of the voung sweet- 
potato plants. When such conditions occur, the roots become so severely 
injured by soil rot that they do not recover satisfactorily, even though the 
rain later is ample. For planting in May, the critical rainfall period seems 
to be the last half of April, all of May. and the first half of June. 

Results obtained in the sulphur tests can be evaluated better if they are 
considered with the rainfall data. As reported by the U.S. Weather Bureau, 
the rainfall at Grand Cotean, a station close to Sunset, during the eritical 
spring period for the vears between 1933 and 1945 is presented in table 2. 
The classification, as to wet, dry, or normal, is based on the opinions of field 
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workers. The sulphur tests were made between 1937 and 1945, but the 
earlier years are included in order to explain the earlier occurrences of 
soil rot. 


TABLE 2.—Rainfall at Grand Coteau, Louisiana, for spring planting seasons, 1901-1) 





Yea Apr. 16-30 Mav 1-15 May 16-31 June 1-15 How classified 
193 3.38 1.72 3.90 2.54 Normal 
1934 2.12 1.02 2.19 1.49 Dry 
1935 4.37 11.70 1.52 2.99 Wet 
1936 1.37 0.61 6.97 0.06 Normal 
1937 0.20 2.98 0.94 2.71 Dry 
1938 2.66 0.84 2.3 1.29 Dry 
1939 0.71 0.93 4.06 3.88 Normal 
1940 8.16 0.42 0.65 5.69 Wet 
194] 6.11 4.70 4.45 15.89 Wet 
1942 0.00 0.88 1.77 6.81 Wet 
1943 1.43 1.63 2.33 0.00 Dry 
1944 2.14 2.00 3.84 0.96 Dry 
1945 1.49 0.33 4.27 4.22 Normal 
50-vr. 

average 2.18 2.75 2.75 2.53 


Between 1933 and 1945, there were several years that were abnormall\ 
dry or years in which, at some time during the spring, there were long 
periods with but little rain. These would include 1934, 1936, 1937, 193s. 
1943, and 1944. Of the others, 1935, 1940, 1941, and 1942 were definitely 
wet in the periods following planting. As rains are often local, weather 
reports do not always give the actual condition in a particular field. Out- 
breaks of soil rot that have occurred in the State and have caused concern 
to the growers have been in the years listed as dry years. The outbreaks 
which occurred in 1936 and 1937 were definitely responsible for the present 
investigation. 

EFFECT OF SULPHUR ON YIELDS 

During the eight years, yields were obtained from as many of the sul- 
phured plots as was possible. In the Sunset area, a crop rotation is followed 
and so, in most cases, sweet potatoes were grown on the sulphured plots 
only once in every two or three years. In the eight years, vield data were 
obtained from 60 tests. These tests were not entirely comparable. being 
made in different years under various weather conditions and in fields in 
which sulphur had been applied in a varying number of years preceding 
the tests. Also, in some tests, it was not possible to set out all the plants 
at the same time. However, it is felt that, with the exception of those 
obtained in 1940, the results presented are reasonably representative and 
show fairly accurately what may be expected from applying sulphur on 
fields infested with the soil-rot organism. In 1940, after a flood in August, 
many of the fields were under water and the plants in both sulphured and 
nonsulphured plots were badly injured. 


The results obtained during the eight vears are in table 3. These include 
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all tests, those made the first vear after applying the sulphur as well as 
those made from two to eight years after applying the sulphur. 


TABLE 3.—Average yields per acre, in 50-lb. crates, on sulphured and nonsulphured plots 





Rate of sulphur applied per acre 





—  aneeee - Moisture 

tests No 500 Ib. 600 Ib. 700 lb. 800 Th. condition 
sulphur 

1938 8 8.0 77.4 99.1 66.9 83.3 Dry 

1939 9 112.8 138.5 133.2 124.7 111.7 Normal 

1940 10 57.9 74.7 69.4 63.5 

1941 12 123.0 116.9 115.2 186.5 113.1 Wet 

1942 5 156.3 139.0 166.0 137.1 156.0 Wet 

1943 5 56.8 94.1 114.5 123.6 125.2 Dry 

1944 6 35.4 156.7 177.9 Dry 

1945 5 81.1 102.6 127A 111.6 149.3 Normal 


In evaluating the results, it should be recognized that they are not 
strictly comparable, and on this account variations with the different rates 
of application should not be considered significant. The tests were in dif- 
ferent vears, some wet. and some dry; often it was not possible to plant all 
plots in a single test at the same time; in some instances, soil moisture was 
favorable at planting time and in others it was not; often the infestation with 
the Actinomycete was not equally distributed in the field and, on this 
account, the plants in some plots were more severely injured by the pathogen 
than those in others. The tests, however, were on a large scale and the 
results are reliable. It is believed that they give a fairly accurate idea of 
what was obtained and what may be expected in the future with the sulphur 
treatment. 

It was recognized in the early vears of the investigation that the increases 
in yield from the 500-lb. applications of sulphur were not so great as those 
with the applications of 600 to 800 Ib.. and in the later years the higher 
applications were used almost exclusively. However, significant increases 
were obtained with all of the applications. In dry years these increases 
were very large. 

As the increases from the different treatments were not very different, 
there are presented in table 4 the average increases obtained from the sul- 
phur treatments in dry and wet vears and also in vears considered fairly 
normal from the standpoint of precipitation. 


TABLE 4.—Increases in yield, measured in 50-lb. crates per acre, resulting from 
sulphur treatment in wet, dry, and normal years; all treatments and tests averaged 





Average yields in crates 





-¢ r acre 1ereases 
Rainfall Pe edicwehiaer = crates —«-PeTeentage 
conditions " : e increase 
No Treated with per acre 
sulphur sulphur 
Dry years 33.4 111.9 78.5 235.0 
Normal years 96.9 124.8 28.1 29.0 


Wet years 139.6 141.2 1.6 1.2 
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The results obtained in the so-called dry vears, or in those years in which 
the soil was dry during the period when plants were producing their roots 
In such years, on many 
of the nonsulphured plots, the loss was total or practically so. Only in 
those plots in which the infestation of the Actinomycete was apparently 
In the sul- 


and becoming established, were very outstanding. 


restricted, did any of the plants grow and produce potatoes. 
phured plots, the vields were satisfactory and as good as or better than the 
Sul- 


phur was responsible for an average increase of 78.5 crates per acre, or 235 


average of the fields in the community not affected with the soil rot. 
per cent. In some tests, increases of 120 to 160 crates were obtained. In 
what were considered normal vears, an increase of 28.1 crates or 29 per cent 
was obtained. In the wet years, however, the sulphur seemed to have little 
or no effect. 

HOW LONG IS SULPHUR EFFECTIVE 


From the standpoint of the grower, it has been important to determine 
the effectiveness of a single application of sulphur in controlling soil rot 
If sulphur were only effective in holding the 
disease in check in the season immediately following its application, its 


in the succeeding years. 


use might not be a practical method of control, because of the expense 
involved. If, however, satisfactory sweet-potato crops could be grown in 
the treated fields for six or eight years, the expense of treatment that might 
be charged to each crop would be small. 

The tests in the last few years of the investigation were ‘to determine 
the lasting effects of the sulphur. No new applications of sulphur were 
made and the plots used were those which had been sulphured from 4 to 8 
vears earlier. The vields obtained in the individual tests in 1944 (a dry 
year) and 1945 (a normal year) with the number of vears after the appli- 
eations of sulphur are included in table 5. Only the plots which received 


600 Ib. of sulphur are included. 


TABLE 5.—The effectiveness of sulph treatment in years following application. 
Yields of nonsulphured plots and plots treated with 600 Ib. sulphur in individual tests in 
4 and 1945 


1944 (dry year normal year ) 


1944 1945 


Crop year Xo Treated Crop year No Treated 
after pine with after Pon with 
treatment —* sulphur treatment ee sulphur 
{ 0.0 112.5 5 134.5 153.2 
} 1.8 118.4 S 44,1 121.0 
5 82.1 204.0 6 168.3 °00.7 
4 6.7 129.4 5 32.3 107.9 
4 18.9 187.2 6 °6.1 54.2 

6 102.8 188.7 


It seems certain that on the terrace soils of St. Landry Parish in Louisi- 
ana, applications of 600 to 800 Ib. of sulphur will largely eliminate losses 
While it has not been 


from soil rot for five to six vears anc possibly loneer. 
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determined with certainty how long a sulphur application will be effective 
in controlling the soil-rot organism, it has seemed advisable to recommend 
a second application of sulphur at the rate of 200 to 300 lb. per acre after 
five to six years. Such an application seems necessary to hold the pH of 
the soil close to 5.0. 

SUMMARY 


The soil rot of sweet potatoes has caused serious losses in certain areas in 
Louisiana since 1934. 

The causal organism, Actinomyces ipomoea, is not important at a pH of 
5.0 or less. The terrace soils in St. Landry Parish in which the disease has 
been troublesome vary from pH 5.6 to 5.8. 

By applying sulphur at rates of 500 to 800 lb. per acre, it has been pos- 
sible to lower the pH of these soils to about 5.0 and to maintain it at that 
level for four to six years. The 500-lb. application was not so effective as 
the higher applications. 

Losses from soil rot. have been practically eliminated by the application 
of sulphur. In the better fields, increases of 120 to 160 crates per acre 
from the sulphur-treated areas have not been uncommon. 

The disease was more severe in years when rainfall was low at the time 
the young plants were producing roots. In dry years in severely infested 
fields, all plants were killed, or failed to produce good vines. In very wet 
vears, losses from soil rot were slight. 

DEPARTMENT OF PLANT PATHOLOGY, 

LOUISIANA AGRICULTURAL EXPERIMENT STATION, 
Baton RovuaeE, LOUISIANA. 








THE CYTOLOGY OF USTILAGO STRITFORMIS FORMA 
POAE-—PRATENSIS IN ARTIFICIAL CULTURE! 


d. @. LEACH AND Mary Atbirczn BYAan 
(Accepted for publication June 27, 1946) 


INTRODUCTION 


Stripe smut of grasses, Ustilago struiformis (West.) Niessl, is known to be 
parasitically specialized and at least five physiologic forms have been recog- 
nized (4,5). The physiologic forms are distinguished primarily on the basis 
of host specificity, although marked differences in methods of spore germina- 
tion, cultural behaviors, and life histories have been reported (4). Leach, 
Lowther, and Ryan (13) called attention to certain of these differences and 
have deseribed the unique behavior of the stripe smut from bluegrass (Poa 
pratensis L.) when grown on agar. They showed that this smut readily 
forms chlamydospores on potato-dextrose agar and has two distinet types of 
vegetative growth. 

The first isolations of this smut were obtained from tissue cultures made 
from unruptured pustules and the immediately surrounding host tissue. 
Two types of colony were observed in the original plates, one consisting of 
straight, radiating hyphae that formed a tough, leathery, mycelial mat, the 
other being composed of irregular, curved hyphae that, when disturbed, 
broke readily into numerous short fragments. The latter type of colony has 
a wrinkled topography and is waxy in texture. Spores were formed by both 
kinds of colony, but were formed sooner and more frequently by the frag- 
menting type. Although the origin of the first colonies isolated was not 
noticed, microscopic observations made of later isolations indicated that the 
fragmenting colonies arose chiefly from mycelial fragments from immature 
pustules, while the radiating colonies arose from germinating spores. Germi- 
nating spores, however, may eventually give rise to fragmenting colonies. 

Because of the unusual ability of this smut to complete its life history in 
artificial culture and because of its peculiar types of vegetative growth, a 
eytological study promised to be of more than ordinary interest. It is the 
purpose of this paper to describe the cytology of the fungus as studied in 
artificial culture. 

MATERIALS AND METHODS 

An effort was made to stain the fungus with a nuclear stain in all stages 
of growth from early spore germination to the formation of mature chlamy- 
dospores. Spores were germinated in distilled water, in dilute malt extract, 
and on a thin film of agar spread over the surface of a slide according to the 
method used by Wang (15). The last method, in general, gave the most 
satisfactory results. The various stages of vegetative growth were obtained 


1 Published with the approval of the Director of the West Virginia Agricultural 
Experiment Station as Scientific Paper No. 355. In cooperation with the U. 8. Regional 
Pasture Research Laboratory, U. 8. Department of Agriculture. 
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partly by allowing germinating spores to grow for various periods of time 
on the agar film and partly by taking material from Petri-dish cultures of 
different ages and spreading it over slides covered with egg-albumin fixative. 
The material was killed and fixed-by exposure to the vapor of Flemings’ 
weaker solution for 10 to 20 minutes. The fixed material was stained with 
fairly satisfactory results by using iron-alum haematoxylin and following, 
with minor variations, the schedules of Holton (10) and Hirschhorn (9). 


RESULTS 
As previously reported (13) the chlamydospores germinate by forming 


a germ tube that usually branches before it has become more than 100 y long. 
The germ tube branches sooner and more profusely in a nutrient solution 
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Fie. 1. A. An unbranched germ tube containing four nuclei whose size and charac- 
teristic grouping indicate that they originated through reduction division. Stained with 
iron-alum haematoxylin. Approx. 1200x. B. A segment of a diploid (synkaryotic) 
mycelium showing the large oblong diploid nuclei and the thick, transparent septa, which, 
upon dissolving, cause the mycelium to break up into short fragments. Approx. 1200 x. 
Note the relative size of the nuclei in A and B. 
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than in distilled water. Occasionally two distinct germ tubes are formed, 
usually arising from opposite sides of the spore. The germ tube is non- 
septate and produces no sporidia. Without noticeable pause, the branched 
germ tube, when growing on agar or in a nutrient solution, grows directly 
into an extensively branched mycelium. Thus, the growth of the germ tube 
is indeterminate, and the promycelium, characteristie of most smuts, is com- 
pletely lacking. 

The nuclei stained well and were readily recognized. Because of the 
dark color of the spore wall, the behavior of the nucleus within the spore 
could not be determined clearly. Apparently the spore contains one large 
fusion nucleus, as reported for most other smuts. This nucleus divides early 
in the process of germination. Usually it divides after entering the germ 
tube but it may divide while still within the spore. The latter is evidently 
the case when two separate germ tubes are formed. The first division is fol- 
lowed immediately by a second; hence, four nuclei in orderly arrangement 
are very common when the germ tubes are stained at the proper time (Figs. 
1, A, and 5, A, B,C). All stages from one large fusion nucleus to the four 
smaller, apparently haploid nuclei are found in voung germ tubes (Fig. 5, 
A-F). This nuclear behavior is interpreted as evidence of the occurrence 
of reduction division, although individual chromosomes and their behavior 
could not be recognized with any degree of certainty or consistency. 

The nuclei in young germ tubes are nearly spherical and measure 2 to 3 y 
in diameter. There is, however, considerable variation in size and shape in 
different preparations. Although the nuclei were well differentiated, the 
behavior of individual chromosomes could not be followed. In many indi- 
vidual nuelei chromosome-like bodies could be detected, but it was only by 
the exercise of much imagination that their behavior could be interpreted 
as meiosis. If the observed chromosome-like bodies are true chromosomes, 
the chromosome number in the haploid nucleus is, in all probability, two. 
In many eases, however, nuclei appearing to consist of two chromosomes 
could equally weil have been interpreted as nuclei undergoing division, in 
which individual chromosomes could not be distinguished. Hence, no defi- 
nite statement can be made at this time as to chromosome number or behavior 
of chromosomes during meiosis. 

By the time the original fusion nucleus has given rise to four nuclei, or 
soon thereafter, the germ tube has begun to branch. Without any notice- 
able rest period, the nuclei continue to divide. One or more nuclei migrate 
into the different branches and nuclear division continues as the branches 
erow. Up to this point few or no septa have formed. Soon, however, in one 
or more hyphae thick, transparent septa may appear and a change in the 
method of growth in these hyphae then takes place (Figs. 1, B, and 5, H, I, 
J,M). The hyphae in which this type of septation has occurred continue 
to grow and form branches, but the branching is of a different type. The 


new branches always arise adjacent to a septum and may curl backward or 
“erow in almost any direction. Septa form at short intervals in the curled 
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branches and more new branches form and curl in a characteristic manner, 
producing a type of growth that is easy to distinguish from that of colonies 
with radiating hyphae. As this type of growth continues the septa become 
greatly thickened. Part of the thick, transparent septum appears to dis- 
solve, so that the mycelium, when disturbed, breaks up into short fragments, 
each consisting of a single cell or a few loosely attached cells (Figs. 1, B, 2, 
and 6, B—J). 

With this change of growth habit there occurs also a change in the 
character of the nucleus. The cells of the new type of mycelium are typically 
uninucleate, but the nuclei are much larger than the haploid nuclei in the 








e 








ric. 2. Fragments of diploid (synkaryotic) mycelium showing separation of indi- 


vidual cells by dissolution of the thick hyaline septa. Each cell contains a single large 
nucleus believed to be diploid. The nuclei vary in shape but are most frequently oblong. 
Approx. 1200 x. 

young germ tube. The nucleus is usually oblong rather than spherical, its 
longest diameter being greater than the diameter of the mycelium. Its 
oblong shape, therefore, may be the result of compression (Figs. 1, B, 2, and 
6, B-J). An occasional cell of this mycelium may be observed with two 
nuclei, often very close together (Fig. 5, J). In such cells the nucleus is 
assumed to have just completed division. 

These large nuclei stain very heavily and, although in certain individual 
nuclei chromosome-like bodies could be detected, no definite number could be 
found with sufficient consistency to justify an unqualified statement as to 
chromosome content. All circumstantial evidence, however, indicates that 
these are diploid nuclei and that a fusion of nuclei of opposite sex occurred 
just prior to the origin of the fragmenting mycelium. The cells of the frag- 
menting mycelium, therefore, are assumed to be synkaryotie. 
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Other branches of the same mycelium may continue to grow in the radiate 
manner. Although the radiate hyphae eventually become septate, the septa 
are further apart and much thinner. Also, the septa show no tendency to 
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Fic. 3. <A. A sector of a vertical cross section of a radiating colony of Ustilago 
striiformis grown on potato-dextrose agar. Near the center of the picture is a young 
pocket of spores that originated beneath the surface of the colony. Approx. 100x. A 
more highly magnified picture of the spore pocket is shown in figure 4. B. A spore pocket, 
older and larger than the one shown in A but from the same colony. Undifferentiated 
mycelial fragments occur in the center of the pocket while mature spores are found at the 
periphery. Approx. 100 x. 





dissolve and there is no fragmenting of the mycelium. The nuclei of such 
_mycelium are smaller and more nearly spherical (Fig. 6, A). It is believed 
that these hyphae contain haploid nuclei. 
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Often fairly large colonies of radiating mycelium may be formed but 
eventually small pockets of fragmenting mycelium will appear and spores 
will be formed (Figs. 3 and 4). Spores are never formed directly on radi- 
ating hyphae but whenever the fragmenting type of mycelium appears in the 
colony it, with rare exceptions, proceeds directly to spore formation. This 
results in pockets of spores that appear to be formed in a centrifugal manner 
from a central ‘‘meristematic”’ cluster of multiplying mycelial fragments. 

In still other cases the change in type of growth may oceur very early, 
sometimes as soon as the germ tube begins to branch (Fig. 5, K), and the 
entire mycelium will be of the fragmenting type. This behavior may be 


9? 





Fig. 4. The spore pocket shown in figure 3, A, magnified about 4UU x. ‘The spores 
are forming from short mycelial fragments. 
due to unusually early karyogamy or, perhaps, to such a failure of the 
original fusion nucleus to undergo reduction division as was reported by 
Christensen (3) to occur occasionally in Ustilago zeae. 

The process of spore formation has been studied carefully and no evidence 
of hyphal fusions has been found. Each cell of a fragmenting mycelium 
may either grow and form new eells or develop directly into a chlamydospore 
with no further fusions of nuclei. Various stages in this process of spore 
formation are shown in figure 6, K-O. The individual hyphal cell enlarges 
near the middle, becomes shorter and thicker, and gradually acquires a 
spindle shape. The nucleus enlarges and becomes extremely irregular in 
outline and somewhat diffuse. As the spore becomes more globular, echinu- 
lations appear in the cell wall and the nucleus becomes denser and more 
regular in outline. At the same time the cell wall takes on a brown color 
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that increases in intensity as the spore matures. The mature spore is often 
almost spherical, but many of those formed in artificial culture are slightly 





Fig. 5. Germinating spores in various stages of development. A—F, stages in reduc 
tion division. G—J, more advanced stages in which further nuclear division has occurred 
and in which karyogamy is taking place followed by production of diploid mycelium. 


K, a form of germination in which the mycelium is of the diploid type from the beginning, 
indicating absence of reduction division or unusually early karyogamy. L, a germ tube 
in which there are either 5 pairs of unusually small nuclei or 5 nuclei with two chromo 
somes each. M, a diploid (synkaryotic) hypha containing four cells, two of which are 
forming branches and whose nuclei have just undergone division. Approx. 700 x. 


ovoid and some retain the two pointed tips that give them a characteristic 


lemon shape. 




















1946 | LEACH AND Ryan: StrRipE SMUT FROM BLUEGRASS 883 


In some cases the mycelium does not all break up into fragments and 
intercalary spores are formed in chains (Fig. 6, P, Q), but this is not the 
typical method. 

Certain cultures of the fragmenting-mycelium type have never formed 
spores although they have been cultured on agar for more than two years. 
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hic. 6. Haploid and diploid (synkaryotic) mycelia and various stages in spore for- 
mation from synkaryotie cells. A, a branched hypha of typical haploid non-fragmenting 
mycelium with small nuclei and thin septa. B-K, various types of diploid (synkaryotic) 
hyphae and mycelial segments with cells each containing a single large diploid nucleus. 
L-Q, various stages in the transformation of synkaryotie cells into chlamydospores. 
Approx. 700 x, 
No significant differences in their mycelia or manner of growth have been 
observed. Nuclear stains show that the mycelial fragments in the non- 
sporulating culture have the same type of large oblong nucleus, but the cells 
continue to grow vegetatively and do not form spores. No satisfactory 


explanation for their failure to sporulate can be offered. 
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DISCUSSION 


The cytology of this fungus is different from that of any smut previously 
described. Since sporidia are not formed and there is no evidence of hyphal 
fusion, it must be assumed that the fungus is normally homothallic. How- 
ever, since apparently haploid mycelium is formed, it is possible that by 
proper manipulation hyphae of opposite sex could be separated. Cireum- 
stantial evidence indicates that reduction division oceurs following germi- 
nation and that there is normally a partial recombination of haploid nuclei, 
presumably of opposite sex, in the branching germ tube. Karyogamy appar- 
ently takes place immediately following the recombination, although it is not 
always possible to distinguish between nuclear division and nuclear fusions 
in this stage of development. There is no distinct dikaryophase. There is 
a multiplication of the diploid nucleus and extensive growth of synkaryotic 
mycelium preceding spore formation. In so far as the writers know, these 
two phenomena are not known in any other smut. 

It has not been possible to determine what cytological processes take place 
when the fungus, after growing for a considerable time as a haploid radiate 
mycelium, changes over to the fragmenting type at localized points in the 
colony. It could be that there is a delayed pairing and fusion of nuclei of 
opposite sex, possibly through fusion of adjacent hyphae. No such fusions 
have been observed, but occasional fusions of this type would not be easy to 
detect. On the other hand there may be spore formation from bisexual 
haploid nuclei as reported by Hanna (6, 7) in Coprinus lagopus, by Harder 
(8) in Coprinus sterquilinus, and by Winge and Laustsen (16) in Saccharo- 
myces ellipsoideus. Although no definitely dikaryotic mycelium has been 
seen, it must be remembered that parallel conjugate division is not the rule 
in smut fungi and occasional binucleate hyphae might be overlooked. 

The cytology and life history of this smut are so strikingly different from 
those of other smuts generally classified as physiologic forms of Ustilago 
striiformis that one seems justified in questioning its specific identity. The 
authors consider it unwise, however, to attempt any changes in nomenclature 
until more extensive comparative studies have been made. 

Not only is the cytology of this smut unique for Ustilagoe striiformis, but 
it also departs widely from the usual concepts of the cytology of smuts in 
general. The smut apparently is one of the few truly homothallic smuts 
and, in so far as the authors have been able to learn, no other smut and few 
fungi are known in which there is a synkaryotic vegetative stage. 

Blizzard (1) found no fusion of sporidia or of saprophytic mycelium of 
Urocystis cepulae. In the host plant the vegetative mycelium was uninucle- 
ate until just before sporulation, when binucleate cells appeared without any 
evidence of hyphal fusion. This has been interpreted (12) as a possible 
homothallic species. 

Graphiola phoenicis probably is homothallic, since, according to Killian 
‘(11), its short dikaryophase is not the result of cell fusion. It is possible 
that Ustilago ischaemi is homothallic, since, according to Boss (2), it forms 
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chlamydospores from uninucleate cells. However, since neither reduction 
division nor fusion of nuclei were demonstrated for this fungus its condition 
is subject to other interpretations. [See Kniep (12) and Sampson (14).]} 

Sampson (14), in reviewing the cytology of the smut fungi, recognized 
their extreme variability and pointed out how previously accepted concepts 
were revised as more species were studied. Apparently the present study 
ealls for still further revisions of our concepts of smut cytology. 


SUMMARY 


Ustilago struformis from Poa pratensis completes its life cycle and forms 
chlamydospores on agar. A cytological study was made of the fungus in 
culture and, according to the writers’ interpretation of the nuclear behavior, 
the fungus is normally homothallic. It produces both haploid and diploid 
(synkaryotic) vegetative mycelium and it has no true dikaryophase. The 
chlamydospore contains a large nucleus, apparently diploid, that appears to 
undergo reduction division soon after spore germination. The germinating 
spore does not form a true promycelium but produces a branched germ tube 
of indeterminate growth. Sporidia are not produced and hyphal fusions 
have not been observed. <A partial reassortment of nuclei takes place in the 
branching germ tube or resulting mycelium, and karyogamy occurs without 
an intermediate dikaryophase. The synkaryotiec cells multiply vegetatively 
forming a characteristic fragmenting mycelium readily distinguishable from 
the radiating haploid mycelium. The diploid synkaryotie mycelium in its 
typical form of growth breaks up readily into short fragments, each cell of 
which contains a single large apparently diploid nucleus. Each cell of the 
fragmenting synkaryotic mycelium may be transformed directly into a 
chlamydospore or it may divide to form new synkarvyotie cells. 

WEstT VIRGINIA AGRICULTURAL EXPERIMENT STATION, 

MORGANTOWN, WEsT VIRGINIA. 
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FUNGISTATIC ACTION OF DIPHENYL ON SOME FRUIT AND 
VEGETABLE PATHOGENS’ 
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In a study of the fungistatie action of diphenyl (C,H;-C,.H;) vapor on 
citrus fruit pathogens in pure culture there was a wide range of tolerance 
to this chemical by different fungi.‘ The growth of some of the most serious 
citrus pathogens was almost completely inhibited by the diphenyl vapor, 
some were moderately suppressed, and others grew at practically the normal 
rate at 40° and 70° F. These studies indicated that further tests with other 
fruit and vegetable pathogens might be worthwhile since the fungistatic 
action of diphenyl has been successfully utilized as a means of controlling 
decay in experimental and commercial shipments of citrus fruit. 

The use of diphenyl! for controlling the development of deeay in packaged 
commodities is greatly limited because the odor of this chemical is taken up 
and retained by the cuticle and waxy peel of many products such as apples, 
pears, peaches, tomatoes, cucumbers, ete. However, the fact that citrus 
fruits do not long retain the odor after exposure to the air suggested the 
possibility that certain other fruits and vegetables might not retain the odor. 
If so, development of decay in such products during transit and marketing 
might be controlled by diphenyl impregnated wraps, pads, trays, or other 
containers, provided the pathogenic organisms of such products are satis- 
factorily controlled by diphenyl vapor. Previous studies showed that di- 
phenyl vapor not only checks vegetative growth of many fungi but also 
prevents normal spore formation in practically all species of fungi tested. 
This fungistatie agent therefore should be of considerable aid in controlling 
the spread of decay by contact and by preventing inoculation ef other speci- 
mens with spores. It would not be expected, however, that diphenyl would 
prevent decay in fruit or vegetable products in which the pathogen had 
already become established previous to packaging. 

The chief purpose of the present investigation was to determine the effects 
of diphenyl! vapor on the growth of important fruit and vegetable pathogens 
found on the market. 

Studies were made on 52 organisms representing 35 genera of fungi that 
cause decay of fruits and vegetables during transit, storage, and marketing. 
The growth of each pathogen was determined by measuring the diameter of 
10 or more colonies grown on potato-dextrose agar in 10-cm. Petri dishes. 


1 Investigation conducted by the Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S. Department of Agriculture, in cooperation with the Department 
of Botany at the University of Chicago. 

2 Scientific Aide, 3 Senior Pathologist; Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, Agricultural Research Administration, U. 8. Department of 
Agriculture. 

4 Ramsey, G. B., M. A. Smith, and B. C. Heiberg. Fungistatie action of diphenyl 
on citrus fruit pathogens. Bot. Gaz. 106: 74-83. 1944. 
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TABLE 1.—Growth of fruit and vegetable pathogens on potato-dextrose agar plates 


at room temperature when exposed to diphenyl vapor 








Diameter of colonies in mm. 





Organism Control 


Diphenyl 





3days 7 days 


3days 7 days 








Alternaria citri Ell. & Pierce 35 7 

A. radicina Meier, Drechs. & Eddy 25 41 
A, solani (Ell. & G. Martin) L. R. Jones & Grout 31 71 
A, tomato (Cke.) G. F. Weber 33 80 
Aspergillus sp. from nectarines 23 45 
Botrytis allii Munn 26 80 
B. cinerea Pers. 54 80 
Cephalosporium sp. from celery 6 17 
Cladosporiu m cucume rin um Ell. & A rth. 17 34 
C. herbarum Lk. 28 38 
Colletotrichum circinans (Berk.) Vogl. 20 50 
C. gloeosporioide s Penz. 32 74 
Coryneum beijerinckit Oud. 14 28 
Diplodia natalensis P. Evans 72 80 
Dothiorelia sp. from Avocado 15 80 
Endoconidiophora fimbriata (Ell. & Halst.) Davidson 16 42 
E. paradozxa (Dade) Davidson 80 80 
Fusarium scirpi Lambotte & Fautr. 18 36 
Gloeosporium perennans Zeller & Childs 10 29 
Glomerella cingulata (Ston.) Spauld. & Schrenk 26 74 
Macrophomina phaseoli (Maubl.) Ashby 80 80 
Macrosporium sp. from tomato 19 51 
Melanconium sp. from tomato 13 33 
Melanospora sp. from potato 32 75 
Monilinia fructicola (Wint.) Honey 16 55 
M. laxa (Aderh. & Ruhl.) Honey 15 48 
Oospora lactis parasitica Pritchard & Porte 17 3 

Penicillium diagitatum Sace. 23 53 
P, expansum Lk. ex Thom 35 47 
P. italicum Wehmer 28 80 
Pestalotia sp. from pineapple 35 80 
Pellicularia microsclerotia G. F. Weber 30 70 
Phoma betae (Oud.) Frank 26 71 
P. sp. from apple 28 76 
P. destructiva Plowr. 21 57 
Phomopsis citri Fawe. 20 57 
P. vexans (Sacc. & Syd.) Harter 43 79 
Phytophthora citrophthora R. E. Sm. & E. H. Sm. 23 57 
Phyllosticta strominella Bres. 29 72 
Pleospora lycopersici El. & Em. Marchal 14 56 
Pythium debaryanum Hesse 80 80 
Rhizoctonia solani Kuehn SO 80 
Rhizopus nigricans Fr. 80 80 
R. sp. (no. 3747) from peanuts 80 80 
Sclerotinia intermedia Ramsey 4 55 
S. minor Jagger ’ 80 
Ss. scle rotioru m { Lib. ) DBy 35 SO 
Sclerotium rolfsii Sace. 43 80 
Septoria citri Pass. 7 12 
S. lycopersici Speg. 0 10 
Syncephalastrum sp. from peanut 68 80 
Trichoderma viride Fr. 68 80 


a 80 — full plate ; T =trace of growth. 
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For each organism a set of 10 plates was poured. Two plantings from vigor- 
ously growing pure cultures were made on opposite sides half way from the 
center to the edge of each plate. Five plates were held as controls and in 
the center of the remaining 5 plates was introduced approximately 60 mg. 
of diphenyl! crystals. The plates were held at room temperature (68-72° F.) 
for one week and the diameters of the colonies were measured 1, 3, 5, and 7 
days after inoculation. The average diameters of 10 or more colonies on the 
third and seventh days are shown in table 1. At the end of one week the 
dipheny! crystals were removed from several of the plates in each test to 
determine whether organisms whose growth had been suppressed would 
recover. The vapor from 60 mg. of diphenyl! crystals did not prove fungi- 
cidal to any organism tested. Colonies of each fungus recovered in a few 
days and normal growth was resumed. 

Although accurate comparisons of growth rate between the species of 
fungi listed in table 1 cannot be made because the cultures were not all made 
at the same time or grown under identical conditions, the table shows a wide 
variation in tolerance to diphenyl vapor. 

The characteristic growth of the colonies of most fungi suppressed by 
this chemical is a small, compact mass of distorted, knobby hyphae growing 
over the square of inoculum and in some cases spreading slightly onto the 
agar. Organisms that are only slightly checked by the diphenyl vapor show 
varying degrees of distortion and abnormal growth of the hyphae. Some 
develop giant swollen cells; others have short bead-like strands of cells, and 
still others lay down numerous cross walls and the hyphae branch exces- 
sively. Most organisms do not produce conidia or other fruiting bodies. 
Alternaria radicina, Pestalotia sp. and Cladosporium cucumerinum were 
the only organisms, among those suppressed by the vapor, that developed 
spores, and these spores were abnormal. Cephalosporium sp., which was 
moderately well controlled, developed normal spores in the presence of 
dipheny! vapor. 

Trichoderma viride, Pythium debaryanum, Phytophthora citrophthora, 
Oospora lactis parasitica, and Rhizopus sp. (No. 3747) produced normal 
hyphae and spores in the presence of diphenyl vapor. Rhizopus sp. (No. 
3747), isolated from peanuts, a high temperature organism, was suppressed 
in growth only slightly by diphenyl whereas a good control of Rhizopus 
nigricans was obtained. The effect on the peanut organism was a suppres- 
sion in luxurianece of growth and in the number of mature sporangia devel- 
oped. After three days the control plates were full of mature black spo- 
rangia while the colonies in the diphenyl plates remained white, developing 
only a few black sporangia around the edge of the plates. 

In order to determine the least amount of diphenyl crystals needed in a 
10-em. plate to check the growth of very sensitive organisms such as Diplodia 
natalensis and Rhizopus nigricans and of a moderately tolerant organism 
such as Alternaria radicina, plates were inoculated with each organism in 
the usual manner. Into one set of plates 1 mg. of diphenyl crystals was 
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introduced and in other sets 3.5, 5, 10, 15, and 20 mg. per plate were used, 
respectively. Little or no control of the organisms was obtained by the use 
of 1 or 3.5 mg. of diphenyl. However, D. natalensis, the most sensitive of 
the organisms, was controlled by 5 mg., producing only a trace of growth 
within a week. R. nigricans was usually controlled by 10 meg. of diphenyl 
whereas A. radicina produced a moderate growth with this amount of 
diphenyl. This species of Alternaria produced practically normal spores 
with 3.5, 5, and 10 mg. of diphenyl, but with 15 and 20 mg. of the chemical 
the spores developed were abnormal. 

Since diphenyl! is moderately fungistatic to a number of organisms and 
is effective in stopping growth of several important pathogens, there is a 
possibility of using this chemical for control of decay in some fruits and 
vegetables. However, further tests will be necessary to determine what 
products will not absorb the dipheny! odor and to establish the practicability 
of wrapping such commodities in diphenyl-treated paper or of using other 
types of treated packages. According to the data obtained so far, success- 
ful control of decay is most likely in fruits and vegetables that are affected 
by certain common decay-producing species of Aspergillus, Botrytis, Cory- 
neum, Diplodia, Dothiorella, Endoconidiophora, Macrophomina, Melan- 
conium, Monilinia, Pellicularia, Penicillium, Phoma, Phomopsis, Phyllosticta, 
Pleospora, Rhizopus, Sclerotinia, Sclerotium, and Septoria. Unfortunately 
the soft rot bacteria (Erwinia carotovora group) pathogenic to most vege- 
table crops are not held in cheek by diphenyl vapor. 

During this investigation it was found that the differential fungistatic 
action of diphenyl could be utilized in general laboratory culture work to 
eliminate some of the more common contaminants. For example, Rhizopus, 
Penicillium, and Neurospora contaminations may be eliminated from many 
cultures of other fungi by plating the contaminated culture and adding 
60 mg. of diphenyl. Within a week or ten days many fungi will develop 
colonies large enough to permit transplants from the margin that are free 
from these contaminants. This method of purifying contaminated cultures 
of fungi has been used successfully to recover many organisms such as Alter- 
naria from Neurospora, Colletotrichum trom Aspergillus, Endoconidiophora 
from Rhizopus nigricans, Macrosporium from Penicillium, ete. A study of 
table 1 will indieate the probable success of separating any one fungus from 
the others by this method. However, variations in the quantity of diphenyl] 
used and also in length cf time the cultures are held may permit separation 
of some fungi which hi...e a somewhat similar degree of tolerance. For ex- 
ample neither Botrytis cinerea nor Neurospora sp. grew during a week in 
plate cultures with 50 mg. of diphenyl, but if a mixed culture of these fungi 
was held for three weeks the Botrytis had grown enough to permit a pure 
transfer of this organism and thus to eliminate the Neurospora. 

Since diphenyl has never been fungicidal to any of the organisms tested 

.and transfers of colonies from plates containing this chemical have subse- 
quently grown in a normal manner, it appears that the new technique may 


be used with safety in separating mixed cultures of fungi. 
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SUMMARY 


In 52 fruit and vegetable pathogens grown on plate culture in the pres- 
ence of vapor from dipheny] crystals there was a wide variation in degree 
of tolerance to this chemical. Among the organisms tested, those whose 
growth was best controlled were species of Aspergillus, Botrytis, Coryneum, 
Diplodia, Dothiorella, Endoconidiophora, Macrophomina, Melanconium, 
Monilinia, Pellicularia, Penicillium, Phoma, Phomopsis, Phyllosticta, Pleo- 
spora, Rhizoctonia, Rhizopus, Sclerotinia, Sclerotium, and Septoria. 

Dipheny! vapors checked the vegetative growth and prevented normal 
sporulation of most organisms, but none of the fungi tested was killed. 

The use of diphenyl-impregnated wraps, pads, or packages is suggested 
for controlling diseases of some commodities; but the retention of the odor of 
diphenyl by many products will make the use of this chemical impracticable. 

The differential fungistatic action of diphenyl on many fungi can be 
utilized as a practical laboratory method of separating mixed cultures. 
Many cultures of important pathogenic organisms have been cleared of con- 
tamination by this method. 

DIVISION OF FRUIT AND VEGETABLE CROPS AND DISEASES, 

U. S. DEPARTMENT OF AGRICULTURE, 
AND 
DEPARTMENT OF BOTANY, 
UNIVERSITY OF CHICAGO. 








PHY TOPATHOLOGICAL NOTES 


‘*Premunity.’’—In certain publications! the term ‘‘acquired immunity”’ 
has been used to denote the condition that exists in plants that do not ex- 
hibit any reaction to a further inoculation with a particular virus after they 
have once been infected with it or with a closely related virus or strain 
of virus. 

In human and in animal pathology the term ‘**immunity,”’ or ‘‘acquired 
immunity,’’ has a different meaning. It denotes the condition that exists 
in men or animals that have overcome and are rid of a certain pathogen, and 
remain non-susceptible to this or to a related pathogen. In other cases, after 
a first infection, and after health has been partly or apparently restored, the 
pathogen remains in the body; and nonsusceptibility persists only as long as 
the pathogen of the first infection is present. As soon as the pathogen has dis- 
appeared the host again becomes susceptible to infection by this or a related 
pathogen. In such eases the term ‘‘premunition’’ is used in French litera- 
ture.” It is proposed to use this term, ‘‘premunity,’’ in plant pathology 
for the condition referred to as ‘‘acquired immunity’’ by Price and others.* 
-H. M. QuaNnseER, Landbouwhoogeschool, Instituut voor Phytopathologie, 


Wageningen, Holland. 


Leaf-nematode Infestation of Bird’s-nest Fern—The leaf nematode, 
Aphelenchoides fragariae (Ritzema Bos 1891), causes heavy losses to growers 
and has ruined the crop of bird’s-nest fern (Asplenium nidus) in certain 
vears in California. It is the purpose of this paper to point out certain 
differences between bacterial blight and nematode infestation as they affect 
the fronds. 

The nematodes are introduced with the potting soil (rats-nest material, 
a natural forest compost) which is the only medium in which bird’s-nest 
ferns are grown commercially in the San Francisco Bay region and which 
is never sterilized. The symptoms of nematode infestation consist of a 
slight water-soaking in isolated areas at the base of the fronds; the water- 
soaking soon disappears, after which the tissues turn a dull brownish-black. 
The discoloration spreads rapidly under conditions of excessive moisture 
and relatively high temperature prevailing in the greenhouses. Often sev- 
eral fronds may be involved. Such plants may be killed by the nematodes ; 
large plants survive the nematode infestation although the fronds are badly 
injured and rendered unsalable. 

The nematode-infested fronds of bird’s-nest ferns differ from fronds 
with bacterial leaf blight, caused by Phytomonas asplenu, in that affected 

1Price, W. C. Acquired immunity to ring-spot in Nicotiana. Contr. Boyce Thomp- 
son Inst. 4: 359-403. 1932. 

2 Sergent, E., and L. Perrot. Arch. de 1’Inst. Pasteur d’Algerie. 13: 279-319. 1935. 
; ’Quanjer, H. M. Phytopathologische Terminologie, met speciale bespreking van de 
begrippen Biotrophie, Premuniteit en Antistoffen. Tijdschrift over Plantenziekten. 48: 
1-16. 1942. 
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tissues are turgid and dull-brownish black, while bacterial blight causes a 
water-soaked, soft condition of the leaves, the affected tissues being easily 
crushed when light pressure is applied. 
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Fic. 1. A. Leaf of bird’s-nest fern infested with the leaf nematode, A phelenchoides 
fragariae, B. Leaf of bird’s-nest fern infested with Phytomonas asplenii. 


Control of nematode infestation of bird’s-nest ferns has been obtained 
by steam sterilization of the potting soil, flats, and pots at several nurseries 
in San Francisco.—PetTer A. ArK and C. M. Tompxrins, Division of Plant 
Pathology, University of California, Berkeley, California. 

More on the Name Ansatospora acerina.—In 1941 the writer! announced 
the discovery of a black rot of celery in cold storages due to Cercospora cari, 
a fungus previously described by Westerdijk and van Luijk? as the cause of 
anthracnose of caraway. In a more complete description of the celery dis- 
ease in 1944 the writer’ elevated the pathogenic species to generic rank, 
viving it the name Ansatospora macrospora, chiefly because of a swordlike 
appendage found on mature spores. This specific name had been applied 
to the same fungus by Osterwalder* who described its attack on pansies a 
few months previous to Westerdijk’s and Luijk’s description. In 1945 Han- 


1 Newhall, A.G. An undescribed storage rot of celery. (Abstr.) Phytopath. 31: 17. 
1941. 

2 Westerdijk, Johanna, and A, van Luijk. Eine Anthraknose des Kiimmels (Carum 
carvt). Meded., Phytopath. Lab. Willie Commelin Scholten, Baarn 8: 51-54. 1924. 

3 Newhall, A. G. A serious storage rot of celery caused by the fungus Ansatospora 
acrospora n. gen. Phytopath. 34: 92-105. 1944. 

4 Osterwalder, A. Ueber die durch Cercospora macrospora Osterwalder verursachte 
Blattkrankheit bei den Pensees. Mitteil. der Thurgauischen Natiirf. Gesells. 25: 59-80. 
1924, 
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sen and Tompkins’ called attention to the fact that in 1880 Hartig® undoubt- 
edly had described the same fungus on seedlings of Accr pseudoplatanus in 
Bavarian tree nurseries and had named it Cercospora acerina, and therefore 
if it deserved generic rank the name should be Ansatospora acerina (Hartig) 
n.comb. The writer not only agrees with this reasoning but in seeking veri- 
fication has since inoculated the cotyledons of Acer pseudoplatanus with a 
pure culture from celery and obtained infections and sporulation which indi- 
eates the identity of the two pathogens. 

But because of the war, we have all missed the first paper in which this 
fungus was correctly described as the type species of a new genus. Paul 
Neergaard’ found a fungus on parsley roots in Copenhagen in 1942 which 
he named Centrospora Ohlsenii. He gave a Latin description, with drawings 
and measurements which leave no doubt of the identity of the fungus with 
the writer’s description of Ansatospora macrospora. However, Neergaard, 
evidently, like the writer, had not seen Hartig’s paper. Priority and the 
rules of nomenclature dictate the correct name for this fungus as Centro- 
spora acerina (Hartig) n. comb. 

There are now several synonyms for this fungus. <As early as 1896 in the 
second edition of his book on the diseases of plants, p. 318, Frank*® rather 
arbitrarily changed the name from Cercospora acerina Hartig to Sporv- 
desmium acerinum (Hartig) Frank. In 1918 Arnaud’ again finding it on 
maple seedlings, called it Cercosporella accrina (Hartig) Arn. In his book 
on the control of diseases and insect pests of ornamentals Pape’’ follows 
Arnaud’s nomenclature while in a similar book by Flachs,"' that of Hartig 
iS used. 

Another synonym as well as a new host is of interest. In 1937 Sprague’ 
described a fungus causing a leaf spot of Osmorhiza brevipes growing along 
the moist bank of a stream in Benton County, Oregon. He named it Cerco- 
spora praegrandis on account of the large conidia. Specimens sent by 
Sprague to C. Chupp have been found by him and the writer to bear conidia 
identical to those of Centrospora acerina. The genus Osmorhiza moreover 
is a relative of the genera Petroselinum, Carum, and Apium on which the 
fungus has already been described. The list of synonyms for Centrospora 
acerina (Hartig) n. comb. therefore includes the following: 

5 Hansen, H. N., and C. M. Tompkins. The name of Ansatospora macrospora. 
Phytopath. 35: 218-220. 1945. 

6 Hartig, Robert. Der Ahornkeimlingspilz, Cercospora acerina m. Untersuch. Forst- 
bot. Inst. Miinchen 1: 58-61. 1880. 

7 Neergaard, Paul. Mykologische Notizen II. Zentralblatt fiir Bakteriologie, Para 
sitenkunde und Infektionskrankheiten, (II) 104: 407-411. 1942. 

8 Frank, A. B. Krankheiten der Pflanzen. Band. 2. 574 pp. Breslau. 1896. 

9 Arnaud, S. Le mildou des lilas et la maladie des cotyledons d’erable. Bull. Soe. 
Path. Veg. France 5: 58-60. 1918. 

10 Pape, Heinrich. Die Praxis der Bekiimpfung von Krankheiten und Schiadlingen 
der Zierpfianzen. 361 pp. Berlin. 1982. 

11 Flachs, Karl. Krankheiten und Parasiten der Zierpflanzen. 558 pp. Stuttgart. 
1931. 


12 Sprague, Roderick. New or noteworthy parasitic species of Fungi Imperfecti in 


Oregon. Mycologia 29: 426-453. 1937. 
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Cercospora acerina Hartig. Untersuch. Forstbot. Inst. Miinehen 1: 59. 


1880. 

Sporidesmium acerinum (Hart.) Frank. Krankheiten der Pflanzen 2: 318. 
1896. 

Cercosporella acerina (Hart.) Arnaud. Bul. Soe. Path. Veg. France 5: 60. 
1918. 


Cercospora macrospora Ostw. Mitt. Thurgau. Natur. Ges. 25; 59. 1924. 

Cercospora Cari Westerdijk & van Luijk. Meded. Phytopath. Lab. Baarn 
8:53. 1924. 

Cercospora pracgrandis Sprague. Mycologia 29: 431. 1937. 

Ansatospora macrospora (Ostw.) Newhall. Phytopath. 34:98. 1944. 

Ansatospora acerina (Hart.) Hans. & Tompk. Phytopath. 35: 220. 1945. 

Centrospora Ohlensii Neergaard. Zentralbl. Bact. Par. u. Infek. 104: 410. 
1942. 


Since the genus name Ansatospora must be rejected in favor of the prior 
name Centrospora it becomes necessary to change Ansatospora Bromi 
Sprague to Centrospora bromi Sprague, if indeed it belongs here rather than 
in the genus Ramulispora. This species occurring on Bromus rigidus was 
first described as Cercospora Bromi by Sprague’ and later’* changed to 
Ansatospora Bromi on account of ‘‘its peculiar secondary conidia which are 
attached and down deflected from the first or second basal cell of the 
conidia. ’’ 

In reviewing the host range of Centrospora acerina, Hartig’s statement 
that it is capable of living as a saprophyte in the soil is brought to mind by 
the report of Rader’’ who isolated it from muck-grown earrots several times 
during the winter and spring of 1945 in cold storages in Wayne County, 
New York, where it has been troublesome on celery for many years. The 
carrots are believed to have shown no symptoms at the time they were har- 
vested and placed in cold storage, a fact previously recorded by the writer 
to be the rule in connection with celery. Specimens of badly affected pansies 
were sent by Mrs. B. R. Rogers from Puyallup, Washington, to Mr. Rader 
at Cornell in the spring of 1945. Dr. Chupp has a specimen of affected Viola 
from Wrangell, Alaska, collected September 3, 1934, by G. F. Gravatt. Trus- 
cott'® states the fungus can attack the roots of beets, rutabagas, and potato 
tubers. It is noteworthy that maple seedlings and pansies are affected in 
early spring, that Sprague’s collection on Osmorhiza was made April 25, 
that on caraway the infections were severe on seedlings in spring and on 
seedstalks in the fall, while on celery and carrots the disease does not show 
until after two or more months in cold storage at 32-33° F. All of this 


13 Sprague, Roderick. Undescribed species of Cerecosporella and Cercospora on cer- 
tain grasses in Oregon and Washington. Mycologia 29: 199-206. 1937. 

14 Sprague, Roderick. Additions to the Fungi Imperfecti on grasses in the United 
States. Mycologia 38: 52-64. 1946. 


15 Rader, Wm. E. Ansatospora acerina found causing decay of stored carrots in 
Wayne County, New York. U.S. Dept. Agr., Plant Dis. Reptr. 29: 522. 1945. 
16 Truscott, J. H. L. A storage rot of celery caused by Ansatospora macrospora 


(Osterw.) Newhall. Can. Jour. Res. (C) 22: 290-304. 1944. 
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clearly shows the fungus to be a low temperature pathogen with a rather 
wide host range, unlike the leaf-spotting members of the genus Cerecospora. 

From an examination of several exsiccati specimens in the United States 
labeled Cercospora acerina (Hartig) it is apparent that some are true Cerco- 
sporas, and should be assigned either to C. neqgundinis E. and E. or to C. 
acericola Woronichin, both of which oceur on fully expanded leaves in the 
summer months rather than on cotyledons in the early spring. This would 
seem to be a helpful gross diagnostic character. Specimens on Acer coty- 
ledons labeled C. accrina Hartig are more likely labeled correctly except that 
the fungus now becomes Centrospora accrina (Hartig) n. comb. 

The ability of this fungus to live in the soil, to attack a rather wide 
variety of hosts, and to grow at low temperatures suggest that it might 
become a serious pathogen were it not for the fact that the conidia are exact- 
ing in the conditions requisite for their formation and they are not very long- 
lived. The fungus seems to be most troublesome in situations where high 
humidities, high soil moistures, and temperatures below 65° F. prevail over 
long periods, in other words in a maritime climate.—A. G. NEWHALL, Depart- 
ment of Plant Pathology, Cornell University, Ithaca, New York. 
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